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BREAK-POINT 
3 WAY PROTECTION AT 
EASTERN FILTER PLANT 


" ACCORDING TO STAFF MEMBERS REPORT / 
4. eminaling the manganese 
2. improving lhe 


3. laste 


Here’s what the Assistant Superintendent and Junior 
Chemist of a large eastern filter plant have to say about 
Break-Point Chlorination: 

“*** Break-point chlorination has proved successful in 
eliminating the manganese, improving the bacteriological 
record and reducing taste complaints ***” 

The Break-Point process—originally applied to eliminate 
the manganese was so successful, that the authors continue 
in their report: 

“*** In accomplishing these results a saving of some 22 
percent in the cost of chemicals was realized ***” 

Such results are typical of those you can obtain by using 
the Break-Point Process backed by W&T’s more than thirty- 
five years’ experience. For more information on these as 
well as such other Break-Point benefits as longer filter runs 
and iron and color removal, check with your nearest W&T 
Representative or write to Newark 1, New Jersey. 


WALLACE & TIERNAN 


CHLORINE AND CHEMICAL EQUIPMENT 
r NEWARK 1, NEW JERSEY * REPRESENTED IN PRINCIPAL CITIES 5 
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Scope and Value of Water Works Schools 


By William T. Ingram, Raymond J. Faust, A. P. Black, 
H. N. Lendall, Edward R. Stapley and Charles R. Cox 
A panel discussion presented on May 3, 1948, at the Annual Con- 
ference, Atlantic City, N.J. oth 


William T. Ingram 


Eng. Field Assoc., 
Health Assn., New 


Public 


American 
York. 


HE members of this panel have been 

asked to discuss a number of spe- 
cific topics relating to the scope and 
value of water works conferences and 
schools. Answers are sought to such 
vital questions as what types of pro- 
grams are best suited to the training 
needs of water works personnel and 
which groups share, or ought to share, 
the responsibility of conducting these 
programs. 

Information on training courses given 
in 1947 has been collected by the Engi- 
neering Section Project of the Ameri- 
can Public Health Assn. A progress 
report based on returns from 41 states 
is summarized in Table 1. 

Only 16 states reported water works 
training in 1947. A total of 24 train- 
ing courses were offered at state, re- 
gional and local levels. At least 2,400 
operators, superintendents, managers, 
consultants, public health agency em- 
ployees and others received training in 
1947. The cost of training to the en- 


rollee varied from nothing for seven 
of the courses to $50 for one course. 
The training time varied from 1 day 
(8 hours) to 25 days (200 hours). _ 


Sponsorship of Schools 


The water works 
training programs has been variable in 
the past. This is indicated by the 
sponsorship of 1947 schools: state 
health department, 23; local health de- 
partment, 0; public-official agency, 
such as New York’s Conference of 
Mayors and Other Municipal Officers, 
2; water works association, 19; uni- 
versity, 18; and local water works, 1. 
The general pattern is a combined 
sponsorship by the state health depart- 
ment, a university and a water works 
association. There should be more 
combined sponsorship involving those 
named, together with public-official 
agencies and local water and _ health 
departments. 

There is ample reason to obtain more 
sponsorship of water works training by 
school extension services, as Michigan, 
Texas and Oklahoma have done. 
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Benefits to Trainee 


In many states, short-course train- 
ing is prerequisite to certification. 
Hence, the trainee fulfills a legal or 
voluntary requirement of his employ- 
ment by attending. The amount of 
knowledge obtained by a trainee de- 
pends on several factors, such as his 
personal interest; his previous educa- 
tion; his mental capacity for learning ; 
the encouragement he receives from 
his employers and his family; and the 
caliber of training offered. Whatever 
his additional knowledge, the enrollee 
will absorb a new enthusiasm for 
his work; increase his contacts with 
people and literature ; add to his sources 
of data; develop a better understanding 
of his duties and responsibilities ; and 
appreciate the position of state and lo- 
cal agencies with which water supply 
officials have contact. 


Management Expectations 


Management wants qualified men at 
work. However, the word “qualified” 
must be defined. When either volun- 
tary or mandatory certification exists, 
management can feel reassured in hir- 
ing a certified man. Management ex- 
pects increased proficiency in operators 
with short-course training but gener- 
ally does not recognize it as a substi- 
tute for the broader scientific training 
required of engineers, chemists and 
other personnel who must manage, di- 
rect or perform the more complex op- 
erations of water treatment. The mi- 
nority must be mentioned, however. 


There have been occasions when man- 
agement has considered a five-day short 
course sufficient background to operate 
a plant. 

Management has supported short- 
course training by allowing time, and 
, to operators and super- 


often expenses 
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TABLE 1 


Report of Water Works Short Course 


Training in 1947 
Item 


2. States with training 
3. States with no training —- 


4. Sponsors 
State health dept. 
Local health dept. 
Public-official agency 
Water works organization 
University 
Local water dept. 
(Total schools—24+t) 
. Location of schools 
University 


Other 
6. Duration of schools 
DAYS 
1 
9 
15 4 
unknown € 
Frequency of courses 
Semiannual 
Annual 
Biennial » 


Unknown - 
8. Geographical basis 
Statewide « 


Regionalt be 18 
Local 
9. Cost of registration om 
0.00 
$ 
ie 
aK: 
50.00 
unknown 
10. Type of student 
Operator our 
Superintendent 
Manager 
Consultant 
Public health agency employee 
Miscellaneous 


(Total students—2,422§) 
* As of May 3, 1948. 


tT Six states have two schools and one state has three 


making a total of 24 schools in all. 


Because of multipk 


sponsorship, the number of schools listed in Item 


exceeds the actual total. 


t Where a series of regional schools was held, as ® 
Oregon, Kentucky and Tennessee, this has been countel 


as one in the tabulation. 


§ Not including four states for which this informatio 


is lacking. 
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intendents in order that they could at- 
tend the training sessions. But a mi- 
nority considers short courses as a 
iunket or a vacation and refuses to be- 
lieve that the money expended ‘for 
training returns to the city in better 
water system maintenance. 


Inter-agency Relationships 


The state health department has am- 
ple motive, and in some states legal 
compulsion, to sponsor training courses 
leading to the certification of water 
works operators. Both advanced and 
basic training in the sciences require 
the facilities of technical schools ; there- 
fore, university participation is essen- 
tial. Public-official agencies which are 
interested in stretching the munici- 
pal dollar to cover the best in water 
supply have an interest in the training 
that their water works officials receive. 
Both state and national water works 
and public health associations have a 
professional interest in the improve- 
ment of water systems and, conse- 
quently, in the men who run them and 
who make up the association member- 
ship. The national associations, such 
as the A.W.W.A. and the A.P.H.A., 
have an additional interest in the devel- 
opment of a policy and program that 
will lead to uniform training stand- 
ards. There is also the matter of 
reciprocity between states. If training 
standards are uniform, training ob- 
tained in one state should be acceptable 
as the basis for certification in another 
state. 

Local health and water departments 
can be extremely useful in some phases 
of training, such as preservice and in- 
service training and on-the-job advice. 

All of the above agencies have re- 
sponsible parts to play. Coordination 
of effort and cooperation of all must be 
effected. A possible pattern for co- 
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ordination might be one discussed at a 
conference on field training in public 
health held in Washington, D.C., in 
April 1948. This pattern, shaped to 
water works training, could be outlined 
thus: 


1. Planning and policy: State health 
department, U.S. Public Health Serv- 
ice, national and state associations and 
universities concerned 

2. Operation: State health depart- 
ment, local water works and health de- 
partments and schools 

3. Financing: State health depart- 
ment, federal agency, schools, public- 
official agencies, local water depart- 
ments and individuals 

4. Evaluation: State health depart- 
ment, state associations, local health 
and water departments and schools 

5. Specific program content: State 
health department, local health and 
water departments and schools 

6. Accreditation: National associa- 
tions concerned 

7. Sponsorship: State associations 
concerned, schools, public-official 
agencies, state health departments and 
local health and water departments. 


Since the state health department is 
included in most of the coordinating 
work, it quite logically should take the 
initiative and serve as a coordinator of 
training within a state. The develop- 
ment of national policy, the establish- 
ment of uniform training standards 
and the determination of some basis 
for recognizing the quality of training, 
such as accreditation, should be co- 
ordinated by the national association 
concerned. 


Emphasis on Water Treatment 


In many of the first short courses 


sponsored by state health departments, 
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treatment rather than distribution was 


emphasized because the former was the 
area of work over which the health de- 
partment had direct control. How- 
ever, the content of 1947 courses indi- 
cates a growing appreciation of other 
problems of operation and mainte- 
nance. Multiple sponsorship has in- 
jected various viewpoints, and one 
finds a breadth of training more in 
keeping with the need. For instance, 
the North Carolina school had sessions 
on corrosion control, hydraulics and 
pumps, in addition to water treatment 
subjects. The Rutgers University 
course devoted one-third of the training 
time to distribution problems. 


Content of Program 


A training program must recognize 
that there is a complete system from 
the source of supply to the ultimate con- 
sumer tap which must be operated and 
maintained in the best condition. <Al- 
though some operators of small systems 
are responsible for every phase of op- 
eration, many water works men are 
concerned only with specific portions of 
a system, such as the source and intake 
works, treatment works, transmission 
lines or the distribution system. The 
varying interests and needs involved 
in particular jobs must be recognized 
in the development of course content. 
Since one short school cannot cover 
everything, some have provided a series 
of specialized courses. For example, 
Michigan has separate five-day courses 
on the fundamentals of mathematics 
and chemistry; chemical laboratory 
tests; bacteriological laboratory tests; 
hydraulics; and methods of operation 
and maintenance. During a span of 
years an operator can complete each of 
the courses in which he has an interest. 
Minnesota is also following the special- 
ization plan to some extent ; in 1947 the 
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entire course was devoted to a stud 
of the piping system. 

The problem of individual bac 
ground must be considered. A pe 
son with a high school education cap. 
not absorb as much from a short cours 
on iron removal or hydraulics as woy 
a graduate chemist or engineer. Coury 
content must be tailored to meet the 
needs of the operators. It follows log 
cally that there must be several differ. 
ent kinds of training, which can 
classified as basic academic training: 
orientation or preservice training fo 
new employees; in-service training 4 
make advancement possible within a 
organization ; extension training in suc 
fundamentals as mathematics and water 
biology to fill the gaps in the student: 
academic background ; and short-cours 
training for broadening perspective and 
for gaining new information on spe. 
cific problems. 


Effectiveness of Courses 


Time away from work and travel 
distances are obstacles to centralized 
short-course training. On the other 
hand, it has already been found that 
certain types of training are effective 
only when university facilities are used 
Well-planned courses under competent 
direction, given by instructors trained 
in teaching methods and held at places 
where satisfactory training facilities ar 
available, have been successful for those 
who can get away from work. Exter- 
sion courses given on a regional basis 
at night or on Saturdays have alx 
been successful. Localized courses 0 
short duration given by itinerant in- 
structors offer the small water system 
operator an opportunity for training 
he would not otherwise have. Day-te- 
day instruction and advice by wate 
works superintendents and _ sanitary 
engineers in local health department: 
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present opportunities to the man who 
cannot leave his work. 

It appears that each type of instruc- 
tion is valuable and appropriate in cer- 
tain circumstances. The use of itiner- 
ant instructors and local health and 
water department personnel needs fur- 
ther development. Though the pro- 
cedures are less spectacular, these local 
officials have produced, and can con- 
tinue to produce, worth-while and en- 
during improvements in the proficiency 
of water works operators. 

It is reemphasized that short course 
training is supplemental to basic train- 
ing in fundamentals. There is no good 
substitute for certain essential train- 
ing received academically. ft 
opt 

Mandatory certification or approval 
of operators by some state agency has 
a direct bearing on attendance at 
schools. The requirement of certifica- 
tion to obtain a job is a compelling 
force recognized by public officials and 
water works employees. On the other 
hand, voluntary certification has cre- 
ated a real interest. Many operators 
and municipal officials realize that there 
is value in training which leads to a 
certificate. Hence, support is given 
to the training courses. 

It is beneficial for water works train- 
ing programs to have official status, 
since it dignifies the program in the 
eyes of the public, provides a basis for 
subsidies and payment of individual ex- 
penses, and gives legal backing to the 
personnel who plan and carry out the 
training. 


Influence of State Laws 


Conclusion 


Short-course training programs were 
reported in 1947 by 39 per cent of the 
states. More than 2,400 persons re- 
ceived training in courses given on a 


Te 


RKS SCHOOLS 


statewide, regional or community basis. 
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The sponsorship of schools is depend- | 


ent on many factors. The usual pat- 
tern has been a combined sponsorship 
by the state health department, a uni- 
versity and the state water works as- 
sociation. 

The state health department is the 
logical coordinator of training within 
the state. The national professional as- 
sociation is the logical coordinator of 
national policy on the development of 
uniform training standards and the es- 
tablishment of some basis for recogniz- 
ing the quality of training. The co- 
operation of public-official agencies, 
universities, local health and water de- 
partments and professional associations 
should be obtained. Several kinds of 
training programs are needed. These 
include basic academic training, orien 
tation or preservice training, in-service 
training, extension-course training and 
formal short-course training. Courses 
should be developed according to uni- 
form standards to meet the needs of 
individuals of varying backgrounds. 

Courses should be given centrally, 
regionally or locally as may be neces- 
sary to reach all operating personnel. 

Legal status for certification is help- 
ful in the development and teaching of 
training courses for water works op- 
erators. 


Raymond J. Faust 

Chief, Div. of Water Supply, Bureau of 
Eng., State Dept. of Health, Lansing, 
Mich. 


Supplementary training has grown 
in late years to be almost a necessity 
in all professions. It is needed to hélp 
keep professional men abreast of an 
ever changing technological world. 
For subprofessionals, such as appren- 
tices in water treatment and control, 
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supplementary training may be used 
as a means of raising their educational 
qualifications to comply with govern- 
mental licensing requirements. 

In Michigan an attempt has been 
made to provide training for all classes 
of operators (there are seven classifi- 
cations in Michigan). Three separate 
educational opportunities are offered, 
the first of which was established in 
1933, two years aiter the adoption of 
a regulation by the Michigan Dept. of 
Health requiring certification of water 
treatment plant operators. The school 
was established at Michigan State Col- 
lege, at the suggestion of the Michigan 
Conference on Water Purification and 
the State Dept. of Health, after it was 
recognized that many operators needed 
practical laboratory training in chem- 
istry and bacteriology to qualify for 
certification. The course originally 
offered was of three days’ duration and 
was held during the same week as the 
conference, the two events thus pro- 
viding one full week of activity. 


Special Courses 


In 1947 this special course was com- 
pletely revised to permit more com- 
plete coverage of the subject. Lectures 
were added to the laboratory phases. 
In addition, water and sewage plant 
personnel were grouped together for 
common instruction in both fields, in 
order to give each student a broader 
background. The school now com- 
prises five independent courses, each 
of one week’s duration. 

In the first week the fundamentals 
of mathematics and chemistry are stud- 
ied as they apply to water supply and 
sewage disposal, and a survey is made 
of the field of water and sewage treat- 
ment. The object of this course is 
to increase the fundamental knowledge 
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of those students whose training has 
been limited, in order that they can 
better understand the work in subse. 
quent periods and apply this knowl- 
edge to their jobs. 

The subject matter in the study of 
mathematics includes: the use of frae- 
tions and decimals and the calculation 
of percentages; the metric system; 
proportions; elementary algebra; and 
some applied geometry and trigonom- 
etry. The material is supplemented 
by problems involving calculations of 
chemical feed rates; tank capacities: 


filter, pumping and flow rates; per- 
centage efficiencies; and electrical 
measurements. 


The study of chemistry includes a 
discussion of atoms, molecules, atomic 
weights, chemical equations, valence, 
standard solutions and the chemical 
reactions encountered in water and sew- 
age treatment and in laboratory control 
tests. 

The survey involves a general dis- 
cussion, in outline form, of water sup- 
ply and sewage disposal, including the 
major processes of treatment, such as 
coagulation, sedimentation, filtration, 
chlorination, taste and odor control, red 
water, corrosion, softening, fluorides, 
sewage collection, screening, grit col- 
lection, settling, sludge digestion and 
disposal, chemical treatment, biological 
filtration and activated sludge. 

The object of the second week’s 
course is to familiarize the student with 
the chemical laboratory tests com- 
monly used in the control of water and 
sewage treatment processes. 

Demonstration tests are made by the 
instructor to indicate the technique in- 
volved, after which the student per- 
forms individually a certain limited 
number of tests. The results of these 
tests are interepreted from the stand- 
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point of plant control and the deter- 
mination of plant efficiencies. The 
tests made are for: alkalinity, hardness, 
magnesium, chlorine (free and com- 
bined), total and suspended solids, 
B.O.D., pH and sludge volatile matter. 

The third week covers bacteriologi- 
cal tests involved in water supply and 
sewage disposal. This course includes 
a series of laboratory tests made by 
each student for the bacterial analysis 
of water and sewage. Lectures are 
given to describe the technique and to 
interpret the results. United States 
Public Health Service standards are 
discussed. 

In the fourth week a study is made 
of the fundamentals of water and sew- 
age flow and the factors affecting this 
flow (hydraulics). The course in- 
cludes rates of flow, friction or loss of 
head, coefficients, the use of flow charts, 
devices for measuring flow, capacities 
of wells, drawdown and pump capaci- 
ties and ratings. 

The fifth week is devoted to a study 
of methods of operation and mainte- 
nance of water supply and sewage dis- 
posal facilities. This course includes 
discussions of structures and equip- 
ment used in these facilities; proper 
methods of operation and control; and 
operation records. 

Considerable time is given to the 
preventive maintenance of the struc- 
tures and equipment. The subjects 
covered are: paints for concrete or 
metal: corrosion control; oils and 
grease ; proper maintenance procedures 
and time intervals between these op- 
erations; and maintenance records. 
Some of this material is presented by 
operators or equipment manufacturers’ 
representatives. 

The examining board for certifica- 
tion of water treatment plant operators 
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has always recognized the value of 
these special courses and has allowed 
certain credits in the educational cate- 
gory for the completion of each week’s 
work. 

The school is now sponsored by the 
Michigan Section, A.W.W.A.; the 
Michigan Sewage Works Assn.; the 
Michigan Dept. of Health; and the 
School of Engineering and the Dept. 
of Bacteriology of Michigan State Col- 
lege. 

Since its inception the school has 
been under the guidance and instruc- 
tion of E. F. Eldridge, Frank R. 
Theroux and W. L. Mallmann, the 
authors of the text (1) used in the 
course. 

A registration fee of $2.00 is re- 
quired. 


Extension Courses 


The second course of instruction of- 
fered to water works personnel in Mich- 
igan was developed at the insistence of 
the operators for some academic home- 
work. It was thought that correspond- 
ence courses would be suitable, but on 
consulting educational authorities at 
the University of Michigan, Michigan 
State College and Wayne University, 
the Education Committee was informed 
that technical subjects could best be 
taught by an instructor. The university 
authorities suggested extension courses 
and, surprisingly enough, were willing 
to provide them. As finally worked 
out, one noncredit course of study was 
given each winter or spring term at 
the following cities: Ann Arbor, De- 
troit, Saginaw, Grand Rapids, Lansing, | 
Battle Creek and Kalamazoo. The 
courses lasted sixteen weeks and con- 
sisted of a two-hour class one night a 
week. The extension classes were 
started in 1945 and since then the 


courses of study have rotated among 
the cities. The courses offered have 
included: Water Bacteriology, Chem- 
. istry Applied to Water Purification 
. 7 (Course I and II), Hydraulics, Fresh 
| Water Biclogy (Course I and IT) and 
Water Works Engineering. 
. Instruction is always given by well- 
known college professors, except for 
Course I in chemistry and in biology, 
where instructors are used to prepare 
the student for the second course in 
each subject. 
_ The extension courses are sponsored 
the Michigan Section, A.W.W.A. ; 
_ the School of Engineering and the Ex- 
tension Dept. of the University of 
Michigan ; the Extension Div. of Mich- 
igan State College; and the State 
Board of Control of Vocational Educa- 
tion. During the past year the Michi- 
gan Sewage Works Assn. also joined 
in the sponsorship and was largely 
instrumental in the adoption of a new 
course on Industrial Wastes and 
Stream Pollution Problems. Profes- 
sor Earnest Boyce, Chairman, Dept. of 
- Civil Engineering, University of Mich- 
igan, has aided immeasurably in mak- 
ing these courses successful. 
Course fees range from $5.00 to 
$7.50, and the cost of books is an ad- 
ditional charge. 
A sample description of one of the 
extension courses may be of interest: 


Fresh Water Biology. Course II. 
Fresh water biology designed for per- 
sons with some previous knowledge of 
the techniques of sampling and micro- 
scopic examination. (Equivalent to the 
instruction given in Course I.) This 
course includes a study of algae and 
higher forms of life in water. Also 
aquatic ecology of lakes and streams with 
stress on physical, chemical and biological 
factors. A number of the afternoon ses- 


sions will be spent in the field. Instructor : 
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Frank E. Eggleton, Assoc. Prof. of Zool. 


ogy, Univ. of Michigan. 
Mm 

The third and final educational op- 
portunity is unique in being strictly a 
high-level course. It is a two- or three- 
day meeting, which thus far has been 
held every second year. A special fac- 
ulty is brought together to discuss 
particular technical problems in the 
water works field, at a postgraduate 
level. Usually only one subject is as- 
signed to a day At the first supple. 
mentary training course for water 
works personnel in 1945 one day was 
allowed for each of three subjects— 
chlorine, iron and fluorides. Each 
subject is covered completely. The 
lectures are published and copies given 
to all who attend, so that the material 
may be used for reference. 

The course is sponsored by the 
Michigan Section, A.W.W.A., and the 
School of Public Health, University 
of Michigan. The courses are devel- 
oped and the faculty selected by the 
Education Committee of the Michi- 
gan Section with the help and guidance 
of Harry Miller, Special Lecturer, and 
Henry Vaughan, Dean, School of Pub- 
lic Health. The committee is in- 
structed to select the best faculty that is 
available, and the quality of the course 
is therefore limited only by the ability 
of the committee to recognize and 
choose the best talent. Course fees are 
$5.00. 


Evaluation of Program 


Participation in the Water and Sew- 
age Works Operators’ Special Courses 
at Michigan State College is planned 
to provide the trainee with: (1) a 
practical knowledge of, and ability to 
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riorm and interpret, routine tests 
in chemistry and bacteriology required 
in the control and operation of a pub- 
lic water supply, as well as a knowl- 
edge of hydraulics and of operational 
and maintenance methods ; and (2) ad- 
ditional credits in the educational cate- 
gory to help him qualify to take the ex- 
amination for certification as a water 
treatment plant operator, and also to 
help him prepare to pass the written 
and laboratory examinations. 
Similarly, those who take the non- 
credit extension courses under compe- 
tent instruction have an opportunity to 
learn, or obtain an appreciation of, 
certain basic subjects related to their 
work in the water industry. Some may 
use the courses to refresh their mem- 
ories or to learn newer concepts or 
theories, but for the majority the 
courses provide an academic approach 
to subjects in which they have had 
some practical experience but very 
little theory. The extension courses 
also help to prepare. candidates for 
the examination for certification. 
Attendance at the training course 
for water works personnel affords the 
operators an opportunity to meet and 
hear recognized authorities on special 
problems. Such contacts are stimu- 
lating and help direct the thinking of 
those present toward the solution of 
their own problems, as well as keeping 
them abreast of the latest findings and 
progress in the subjects discussed. 
Training courses provide manage- 
ment with an opportunity to acquire 
qualified men for technical positions in 
the water treatment field. Without 


such courses, management would be 
forced to provide its own training facili- 
ties, to employ only previously trained 
persons, or, more likely, to try and get 
along with incompetent help. 


Man- 
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agement undoubtedly appreciates the 
results of good training courses as a 
means of better discharging its re- 
sponsibility to the public for supplying 
a safe and palatable water at all times. 

Cooperation between all agencies 
interested in training courses is es- 
sential to the success of such under- 
takings. It was of interest to the 
Education Committee of the Michigan 
Section that all of the Michigan schools 
of higher learning which were ap- 
proached were anxious to help solve 
the water works education problems. 

In the three courses given in Mich- 
igan, the emphasis is on water quality 
and safety, presumably because the 
need for special training in those sub- 
jects was more acute and better recog- 
nized. Certainly, training for distribu- 
tion system personnel is desirable and 
important, particularly for the small- 
town operators, in all phases of their 
activities. Two of the courses offer 
subject material in hydraulics and wa- 
ter works engineering which is per- 
tinent to distribution personnel. 

The full content of a well-balanced 
program should include laboratory, 
academic and high-level training for 
both treatment and distribution system 
personnel. The outline presented ear- 
lier in this report can be used, in part, 
for such a program. 

The effectiveness of training pro- 
grams is closely related to the time re- 
quired, the distance to be traveled and 
the expense to the participants. Lab- 
oratory courses usually require that the 
participants visit the college or uni- 
versity where facilities and instructors 
are available. If the school is cen- 
trally located within the state and the 
course requires no more than five days’ 
time, the travel and time needed present 
little difficulty. Even though some of 


| 
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the operators travel as much as 400 miles 
each way to the Michigan school, they 
seem to be regular in attendance each 
year. A school located in the Upper 
Peninsula of Michigan would lessen 
the mileage but even then the distance 
would only be cut in half. To afford 
educational opportunities to those liv- 
ing in sparsely settled areas is difficult 
4 and very expensive, even if corre- 
spondence courses are given. 

The time at which laboratory 

— courses are held is usually during work- 
ing hours; thus management must ap- 


prove before an operator can attend. 

Extension courses, however, are held 
in the evening, and the participants usu- 
ally attend on their own time. The 
travel expense is negligible for most of 
the students—it is the instructor who 
does the traveling. The cost to the 
_ student is also kept low, because he can 
_ live at home. 

It is believed that systematic training 
can be effectively brought to the trainee 
_ on his own job only by means of an 

itinerant instructor who would teach 
an extension course at night and spend 
apart of the day at the plant with the 
' student. Such a program has the bless- 
ing of the State Board of Control of 
Vocational Education and of the Uni- 
a versity of Michigan. The problem is 
to locate and finance the teacher. To 
find a suitable teacher is more difficult 
than to finance him. Some day, how- 
ever, such a solution may be employed 
to train water works personnel, as it 
has proved beneficial in other fields. 


Reference 


1. THEROUX, Frank R.; Evprince, Epwarp 
F.; « MaLLMANN, W. LeRoy. Labora- 
tory Manual for Chemical and Bac- 
terial Analysis of Water and Sewage. 
McGraw-Hill Book Co., New York 

(3rd ed., 1943). 
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A. P. Black 


Prof. of Chemistry, Univ. of Floridg 
Gainesville, Fla. 


The first of Florida’s fifteen shor 
courses on water supply and treatment 
was held in 1930. It was organized to 
meet one of the many needs of a rapidly 
growing state. 

The urban population of Florida 
more than doubled between 1920 and 
1930. Quiet, crossroad communities 
became, almost overnight, small cities 
full of new people from al! over the na- 
tion, people who had become acceus- 
tomed to municipal services which these 
new Florida cities had never rendered, 
The usual businesses which serve the 
public accompanied the increase in pop- 
ulation. New hotels, stores, laundries, 
soft drink plants and a sprinkling of 
small industries were established, all 
of which required a water supply. 
There arose an immediate necessity for 
water plant enlargement and extensive 
distribution systems to meet the load, 
The water supply, though ample, be- 
came a subject for critical discussion, 
Its taste, odor and hardness were often 
highly objectionable. Its freedom from 


harmful bacteria was, in too many 
towns, merely hoped for, but not 
assured. 


300m times bring boom prices, and 
Florida definitely had a boom during 
the twenties. Numerous cities floated 
bonds at high interest rates and con 
structed plants and distribution sys 
tems at great Many of these 
plants were well designed and adequate 
for the load, but their construction met 
the problems only in part. The new 
plant machinery required skilled op 
eration, and operators were not avail 
able. Cities were reluctant to employ 
superintendents and operators from 
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outside the state at the salaries re- 
quired to insure the efficiency needed. 
A water supply job was still viewed in 
many cities as a matter of turning 
valves and starting pumps. 

Several individuals in Florida be- 
gan looking into the future for the ef- 
fect these water supply problems would 
have upon the development and health 
of the state. It was noted that drinking 
water resources which had previously 
been safe were rapidly becoming pol- 
luted; that the continued growth of 
some cities would depend upon the use 
of surface water with the attendant 
high cost of treatment plant construc- 
tion; and that new plants would have 
to be provided with skilled operation, 
or continued progress would suffer. 


Objectives of Program 


It was agreed upon by the individu- 
als who gave thought to these problems 
that education was the correct ap- 
proach; that the task was not merely 
one of training a few operators for 
water plants, but also included educat- 
ing the public and its elected and ap- 
pointed officials in water supply prob- 
lems and in the ways and means of 
meeting them. It was considered ad- 
visable to set forth certain objectives 
to be attained by any program which 
might be promulgated. These ob- 
jectives were: 


1. To educate officials and the public 
to the need for measures to prevent the 
pollution of water resources. 

2. To educate officials and the public 
to the need for plans to utilize surface 
water supplies. 

3. To provide plant superintendents, 
chemists and operators with in-service 
training in water treatment and distri- 
bution. 
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4. To develop a trained leadership in 
Florida in the field of water treatment 
and distribution. 

5. To establish programs in the state 
institutions of higher learning to pro- 
vide for major studies and research in 
water supply and sewerage. 


It was admitted that attaining these 
objectives would require administration 
and organization by agencies interested 
in rendering the service. In 1930 there 
were three groups in Florida which 
were intensely desirous of beginning an 
immediate program of education to 
progress toward meeting these ob- 
jectives. The General Extension Div., 
which represents the University of 
Florida and Florida State University, 
was empowered by state statute to 
carry the resources of the institutions 
of higher learning to the people when- 
ever and wherever needed. The Flor- 
ida State Board of Health was legally 
responsible for maintaining healthful 
conditions in the state. The Florida 
Section, A.W.W.A., existed for the 
purpose of giving advisory assistance 
in distributing safe and acceptable 
water supplies to the public. 
three agencies pooled their resources 
to conduct the first short course on 
water treatment held in Florida. 

The subject matter in the highly tech- 
nical research papers presented during 
this course was beyond the grasp of 
many persons present. Florida has no 
apologies to make for this program, 
however. It taught the city officials 
and employees who attended that they 
had much to learn and that the water 
supply of a city was a service which 
required maximum efficiency for health 
and economy. It taught those re- 
sponsible for the instructional program 
that they should take the people at their 
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present level of knowledge and pro- 
ceed from that point. 
i There have been many developments 
. in water supply and treatment educa- 
tion since the first short course held 
in 1930. Enrollments have totaled 
1,380 from 116 towns. The program 

_ has developed from a two-day to a five- 
_ day course of approximately 40 hours 
a intensive instruction and laboratory 
work. In addition to the short course, 
other educational activities have been 
carried on, such as correspondence 
courses and regional short courses 
which are brought to those areas hav- 
ing specific water problems. 

An outgrowth of this short course 
was the Florida Water and Sewage 
~Works Operators Assn., organized to 
‘encourage the advancement of oper- 
ators through programs of continuous 
training. This association initiated a 
voluntary system of examinations to 
certify water and sewage plant opera- 
tors. Although there is nothing com- 
pulsory about the system, approxi- 
mately 80 operators have taken these 
examinations each year. Municipali- 
ties are in no way committed to the em- 


a 


.. of certified operators, but 


they have found that a certificate 
earned through these examinations is 
a dependable measuring device for 
abilities and skills. The examinations 
are prepared, administered and graded 
by an examining board twice each 
year. Preparation for the examinations 
naturally leads to study which is of 
benefit to the operator on his job. Al- 
though the short course provides the 
operator with technical knowledge 
helpful to him during the examination, 
it is not designed altogether for this 
purpose. The operator must have done 
a considerable amount of outside prepa- 
ration to pass the examinations for a 
certificate successfully. Whether or 
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not the examination of operators will 
become compulsory is a matter for the 
future to decide. So far, the voluntary 
system is receiving considerable sup- 
port. 

Even though short courses have been 
conducted since 1930, no one will con- 
tend that the training job has been or 
will ever be completed. Florida has 
had another enormous increase in its 
urban population. Many new plants 
are required, as well as extensive en- 
largements of old ones. More plant 
employees with adequate skills are 
needed than ever before; training and 
retraining of personnel must still go 
on. But Florida now has the organiza- 
tion and the personnel to meet these 
training needs. 


Education Committee 


The educational program in water 
supply and treatment, as now conducted 
in Florida, is developed by the Florida 
Committee on Water Supply and Sew- 
erage Education. The scope of the 
committee includes instruction in the 
sewerage field because a short course 
in that subject is conducted concur- 
rently with the one on water supply. 
On the committee are representatives 
from three colleges within the Uni- 
versity of Florida (the General Ex- 
tension Div., the College of Engineer- 
ing and the College of Arts and Sci- 
ences) and one representative each 
from the Florida State Board of Health, 
the Florida Section, A.W.\W.A., the 
Florida Water and Sewage Works 
Operators Assn. and the Florida Sew- 
age Works Assn. The Chief Sanitary 
Engineer of the Florida State Board 


of Health is permanent chairman. 
The committee was established to 
“study educational needs in water 


supply and sewerage and to develop in- 
structional programs to meet these 
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needs.” The educational programs of 
the committee are conducted through 
the General Extension Div. Public 
Service Training Center. This agency 
is empowered by law, and has the or- 
sanization, to coordinate state resources 
required for conducting statewide train- 
ing programs of interest to municipali- 
ties. Florida has an Institute of Gov- 
ernment which restricts its activities to 
the elected state and county officials. 
There is no state civil service system 
for municipal employees. 

The committee has not found it nec- 
essary to define the scope of activity 
of participating organizations, each of 
which has a definite and important 
contribution to make. Neither does 
any single organization dominate the 
program. There is more to do in 
Florida than all of the organizations 
working together can ever accomplish, 
and a realization of this fact has con- 
tributed toward the harmonious work- 
ing relationship which now exists. 

The committee’s most important 
function—and also its most difficult 
problem—is the development of train- 
ing programs to meet the needs of in- 
dividuals. Persons come to the short 
course with training and experience 
varying from many years to none. 
The new men must begin with funda- 
mentals, while the others must be 
taught at a level which will he of in- 
terest and benefit to them. The com- 
mittee therefore has to present pro- 
grams on both the elementary and ad- 
vanced levels. 

Students at the elementary level are 
taught the terminology of supply and 
treatment, elementary water chemistry 
and special subjects. They are placed 
in laboratories where they are super- 
vised in making the simple tests used 
daily at a water plant. If some of the 
students are not far enough advanced 


to work effectively at the elementary 
level, they are placed in small groups 
of from six to eight under a qualified 
student assistant. In this way, each 
student gets individual attention and 
instruction. 

Advanced students have a program 
arranged with sufficient flexibility to 
permit them to work at their maximum 
capabilities in discussions and in lab- 
oratories. These students are permit- 
ted time to work on problems of vital 
concern to their plants, and qualified 
staff members are present to give them 
direction and assistance. 


Evaluation of Program 


Water works management frequently 
expects more training for an individual 
than the short course is able to pro- 
vide. New employees are sometimes 
enrolled with no training or experience 
in plant operation. Some of these men 
have a_ sufficient educational back- 
ground to benefit from work in the 
elementary water section, but others 
do not. The short-course method of 
instruction is best adapted to the in- 
telligent and industrious individual with 
previous experience who desires to in- 
crease his store of knowledge at a 
rapid rate. 

Attendance at all sessions is a strict 
requirement and is checked by head in- 
structors, who are furnished class rolls. 
Students are graded on performance. 
Certificates of merit are issued only 
upon the recommendation of instruc- 
tors. 

It is not claimed that a highly skilled 
operator can be produced by a 40-hour 
program of instruction. The short 
course is not supposed to be a basic 
training activity. It is strongly con- 
tended, however, that the operator 
with previous experience can absorb a 
great deal in 40 hours if the program 
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is arranged so that he can “learn by 
doing” and “learn by seeing.” It is 
also contended that benefits are de- 
rived from an accumulation of knowl- 
edge gained through attendance at sev- 
eral short courses. Many operators 
have attended eight or more of these 
programs. 
The new operator should probably be 
4 trained through an in-service educa- 
tional program in his home plant. 
_ Some of this work is being done by 
plants even though it is not called by 
_ that name. <Any well qualified su- 
_ perintendent is able to and does train 
the new man. The industrious super- 
intendent will use every resource avail- 
able to train and retrain plant oper- 
ators. Consultants from the state 
board of health, representatives of man- 
ufacturers, faculty members of uni- 
_versities and others are used by many 
_ cities for this purpose. 
A definite program of in-service 
_ training has not been initiated in Flor- 
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would support the claim of overem. 
phasis on treatment, but Florida has 
problems of treatment not faced by 
many other states. The taste, colo 
and odor of the water supply in many 
towns are still objectionable. To cop. 
tinue attracting a large tourist trade 
Florida must double its effort to clean 
up its drinking water supply. 

During the early days of these shor 
courses outstanding specialists were 
brought into the state to lecture op 
water treatment and distribution. This 
practice has been discontinued except 
when such persons have specialized 
knowledge of certain phases of water 
supply and treatment about which Flor. 
ida needs to be informed. Faculty 
members of the University of Florida, 
consultants employed by the State 
Board of Health, and some of the sy- 
perintendents in the state are highly 
capable instructors. These men know 
the state, are acquainted with most of 
the water plant employees and have a 


knowledge of their problems. Repre- 
sentatives of plant equipment manu- 
facturers are also used as instructors, 
Manufacturers have selected the high- 
est type of representative to attend the 
short course. These men come not 
only as instructors, but also as students, 
They participate in the program in a 
very unobtrusive manner, leave their 
wares at home and make very splendid 
contributions to the instructional pro- 
gram. The representatives also assist 
in promoting attendance and in dis 
covering the fields where training is 
needed. 

The reading of papers in Florida 
short courses has been practically elimi- 
nated. Experience has proved that the 
student will stay for five full days of 
hard work in which he participates, but 
he can withstand no more than twe 
days of listening. All methods of teach- 


ida, but the committee has been giving 
some thought to the matter. The fu- 
ture of these short courses in Florida is 
being considered by the Committee on 
Water Supply and Sewerage Educa- 
tion. There will always be new oper- 
Whether or not the 


ators to train. 
four sponsoring agencies should con- 
tinue their efforts to train the new 
operator is, at present, subject to 
question. Perhaps the future function 
of the short course may be to train 
_the top man in the water plant and to 
give him assistance in developing his 
«program of in-service training for his 
employees. 
“ 2 Florida has not given much considera- 
tion to the possibility that water quality 
and safety have been overemphasized. 
_ Short courses have been developed to 
- meet pressing demands. Perhaps an 
of previous programs 
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ing, both old and new, must be used if 
interest and enthusiasm is to be main- 
tained during a seven-hour day of in- 
struction. 

Conclusion 

There is still a tremendous job to be 
done in Florida on water supply and 
treatment education. Hopes for a 
corps of trained men in this field will 
suffer frustration without an enlight- 
ened public opinion, The people see 
the water only as it comes from the tap, 
and they are not informed of the proc- 
esses which produce this clear and pure 
water flow. They are not conscious of 
the fact that untrained and inefficient 
plant operators can cause unimaginable 
difficulties for a city population; that 
the hard working and dependable plant 
operator holds one of the most im- 
portant positions in the community ; 
and that the operator stands guard with 
others against epidemics and fire—two 
serious enemies to life, property and 
progress. 

Training programs must be enlarged 
to help water system employees sell 
themselves and their jobs to their com- 
munities. Only then will these men be 
given the community status they so 
richly deserve. This may be propa- 
ganda, but propaganda for worth-while 
goals is certainly desirable. 


H. N. Lendall 


Prof. of Munic. and San. Eng., Rutgers 
Univ., New Brunswick, N.J. 


Beginning in 1931 water works short 
courses offered in New Jersey were 
held annually until the outbreak of 
World War II; they were resumed in 
February 1947. The courses are of 
the laboratory type and consist of 
approximately 25 hours of lectures 
and discussions, 25 hours of laboratory 
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work accompanied by lectures, and an 
inspection trip to near-by plants. It 
is the practice to give a limited num- 
ber of laboratory demonstrations and 
have the students actually perform the 
standard tests. This provides some 
acquaintance with laboratory technique 
and furnishes instruction in labora- 
tory procedures. 

Prior to World War II courses were 
scheduled for a period of two weeks. 
Classes were held daily except Satur- 
day from 9:00 a.m. to 4:30 p.m., with 
one hour off for lunch. Since 1947 the 
courses have been held on Tuesdays 
and Thursdays for a period of six 
weeks. This plan has been found to 
be of considerable advantage, as the 
men are not kept away from their jobs 
for a long period and have an oppor- 
tunity to review work which has been 
given in class and in the laboratory. 
It also permits the scheduling of the 
course with much less interference with 
the usual duties of the faculty. 

During the first few years when the 
courses were offered, provision was 
made to house the trainees on the uni- 
versity campus. Although at that time 
a few did commute, it has now become 
common for all in attendance to travel 
daily to the university. New Jersey is 
not a large state and the maximum 
round-trip distance rarely exceeds 100 
miles. 

Courses are offered by the College 
of Engineering, Rutgers University, in 
cooperation with the Bureau of Engi- 
neering of the New Jersey State Dept. 
of Health, and are sponsored by the 
South Jersey Assn. of Water Superin- 
tendents and the New Jersey Section, 
A.W.W.A._ The financial responsibil- 
ity for operating short courses is as- 
sumed entirely by the university. A 
fee of $15 is charged for enrollment 
and total receipts meet all the costs, in- 
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cluding laboratory breakage and sup- 
plies, printing and other expenses. 
The average attendance has been about 
twenty per year. 

In planning a short course, it must 
be recognized that there is a wide vari- 

ation in the educational background 

of water works employees. The ma- 
jority of classes will be made up of men 
who have had a college technical edu- 
cation, as well as of others who have 
had few educational advantages. For 
this reason, the lectures should be pre- 
sented with a minimum use of technical 


terms, employing rather those terms 


-miliar. Instructors should endeavor to 
arn the viewpoint of the operator who 


by having frequent discussion periods 
in which questions may be asked and 
individual problems presented. 


Benefits of Program 


The courses offered at Rutgers Uni- 


ciples of water works management and 
_ maintenance and filter plant operation. 
The course offers an opportunity for 
water works officials and employees to 
increase their knowledge of public 
water supply and treatment and to se- 
cure better qualifications to solve their 
special problems. It also affords a 
chance for study and review to those 
_ wishing to meet the license require- 
ments of the New Jersey State Dept. 
of Health. 


7 The benefit of short courses to the 
average trainee varies with his previ- 
education, ability, ambition and 
earnestness in doing the assigned work 
reading. Another important factor 


is the self-valuation of the water works 
man, The student who feels that he 
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has a great deal to learn will generally 
get more out of a course than the one 
who believes that he is well equipped 
to handle his job. Generally speaking 
it is expected that the man attending 
a short course will learn something, 
that he will become acquainted with 
certain textbooks, magazines and other 
literature, and—most important—that 
he will get an urge to read and study 
on his own. 

In the past many private water com. 
panies and municipal authorities may 
have looked on short courses as a Pos. 
sible vacation for those who attend. 
The fact that the courses in New Jersey 
have been in operation for approxi- 
mately fifteen years and that the ma- 
jority of those in attendance have their 
expenses paid would indicate that this 
opinion is not prevalent and, further, 
that water works management has 
found that the men do receive training 
which has increased their usefulness 
and efficiency. Water works employ- 
ees have frequently repeated the course 
a second and third time. It is be- 
lieved that water works management 
does not expect the men who have 
taken these courses to return with full 
information about many phases of water 
works operation. 

No academic credit is given for at- 
tendance. An informal certificate is 
issued to each man taking the course 
who has attended not less than 90 per 
cent of the classes. In New Jersey all 
treatment plant operators and_ water 
works superintendents must have I- 
censes issued by the State Dept. of 
Health. These licenses are classified 
in accordance with the size, type and 
capacity of the water treatment plant 
and distributing system. Many water 
works employees take the short courses 
as a preparation for license examina- 
tions, and the Dept. of Health gives 
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some recognition to attendance at 


these courses. 


‘Content of Course 


In planning the content of the course, 
it has been customary to hold confer- 
ences and consultations with the Bureau 
of Engineering of the State Dept. of 
Health and with committees from the 
water works associations. Although 
the responsibility has rested largely 
on the university faculty, the close co- 
operation of these agencies has. been 
of no little assistance and is very much 
desired. 

It can be easily understood that a 
course outline may emphasize the treat- 
ment of water rather than the various 
problems of distribution. It has been 
the practice in New Jersey to have a 
somewhat flexible schedule so that em- 
phasis may be placed on one or the 
other of these subjects, depending on 
the desires of those in attendance. This 
plan has worked out very satisfactorily. 
Generally speaking, it has been found 
that most of the men are interested in 
treatment plant operation. 

To illustrate the content of a train- 
ing program, the outline for the course 
given in February 1948 is presented 
below : 


Sources of supply, methods of collection, 
water consumption (three hours) 

\rithmetic computations, conversion units, 
capacities (six hours) 

Elements of chemistry (three hours ) 

Elements of biology (three hours) 

Supply and distribution systems (three 
hours ) 

Water quality ; chemical and bacteriologi- 
cal standards (three hours) 

Water treatment and treatment plant units 
(six hours) 

Corrosion scale, bacterial slime, bacterial 
resistance with relation to distributing 
systems (three hours) 
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Water treatment, coagulation, filtration 
(six hours) 

Corrosion control (three hours) 

Chlorination, chlorinators and main- 
tenance (at the Wallace and Tiernan 
Plant) (three hours) 

Water analysis laboratory; standard 
physical, chemical, bacteriological tests 
24 hours) 

Water plant management problems (six 
hours ). 


This program provided for approx- 
imately 21 hours on distribution sys- 
tems and about 50 hours on water 
treatment. This ratio is due to the 
fact that the majority of the men in 
attendance were treatment plant oper- 
ators. Examinations were held at fre- 
quent intervals and a final examina- 
tion was given on the next to last day. 
Experience has shown that the assign- 
ment of readings and problems has 
been very much worth while, as it 
serves to awaken the interest of the 
operator in preparing for future lec- 
tures. 


Evaluation 


In view of the time required for the 
proper presentation of the subject, the 
distance that the trainee must travel 
and the expense involved, short courses 
may be made more effective and of 
greater satisfaction to participants by 
carefully planning the details of the 
course. These should include a mimeo- 
graphed outline of the course, well- 
prepared lectures and quiz periods, and 
laboratory direction sheets. Certain 
textbooks may be used to very consider- 
able advantage. Books should be se- 
lected which not only meet the needs 
of the short course but can be read in- 
telligently and understood easily by the 
student. 

The question is always raised 
whether effective training can be 
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brought to the operator on his own 
job. In the opinion of the author, this 
is not a practical method of training, 
because individual instruction is quite 
expensive and anything along the line 
of correspondence courses is not satis- 
factory. Moreover, facilities should be 
available for laboratory work, and 
many water departments and treatment 
plants have very limited facilities or 
none at all. 

In conclusion, the author feels that 
short courses are worth while and serve 
a very excellent purpose. They should 
be given with the idea of presenting the 
fundamentals of the subject, together 
with its practical applications, in such a 
way that the water works man may be 
encouraged to increase his knowledge 
by reading and studying. Courses 
given in New Jersey have been a defi- 
nite help to water works men in se- 
curing their licenses and in improving 


their positions. 
-Edward R. Stapley 


Dean of Eng., Oklahoma A. & M. Col- 
lege, Stillwater, Okla. 


The author’s personal acquaintance 
with water works schools and confer- 
ences has been largely limited to three 
of the four states in the Southwest Sec- 
tion. In these states, three- to five- 
day annual short schools, and one-day 
district meetings or conferences sched- 
uled at intervals varying from one to 
twelve times a year, have provided the 
general training program for water 
works men. 

The annual short schools have cus- 
tomarily been held at the state college 
under its general sponsorship, with the 
cooperation of the association or con- 
ference of water works men in that 
state, the state department of health, 
the division of trades and industries 
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Bo 
of the state department of vocational 
education and the Southwest Section, 
A.W.W.A. The one-day district meet! 
ings or conferences have varied jy 
sponsorship. In general, all of the 
groups previously mentioned _haye 
taken part in these sessions. Usually 
an itinerant teacher of the college ex. 
tension and vocational force or repre. 
sentatives of the state department of 
health have provided counsel and as. 
sistance in formulating and presenting 
the programs. 

Naturally, the subjects selected for 
the one-day district meetings held at 
scattered points over the state will need 
to be of a nonlaboratory type adapted 
to the limited time and facilities avail- 
able. Inspection of a local plant and 
system may be made a valuable part 
of such meetings. 

The amount or degree of knowledge 
which a trainee obtains from attend- 
ance at a short course will depend on 
several factors: his interest in learning, 
his willingness to work at and con- 
centrate on the job of learning, his pre- 
vious education and mental capacity for 
learning, and—last but not least—the 
encouragement and incentives which 
may be given him by his supervisors 
and employers and possibly even by his 
own wife and family. 

Education is a continuing process. 
No individual ever becomes completely 
educated. There will always be an op- 
portunity for new processes, equip- 
ment, methods and applications. That 
is what makes life interesting. 

A few hours at a one-day district 
meeting or a few days at a short course 
will not give thé trainee a complete ur- 
derstanding of perhaps even one smal 
subject, but they will add to his know! 
edge of water purification and water 
system operation and will acquaint hm 
with current testing methods and oper- 
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ational procedures. He will learn the 
fundamental principles of operation ; 
the purposes of special instruments and 
equipment and how to check their 
measurements ; and, in general, how to 
improve the operation of the plant 
or system with which he is connected. 
He will also learn of new processes and 
equipment which would increase the 
quality of his product and the economy 
of its production and delivery. 

A point not to be overlooked is that 
an interested person attending .any 
meeting, no matter what his previous 
training and experience, will absorb 
new enthusiasm for his work from his 
contacts with other men in the same 
field. 
Management Attitude = | 

The expectations of water works 
management from short course train- 
ing will depend on the general knowl- 
edge, understanding and appreciation 
of the water works officials. In a pub- 
licly owned system, the attitude toward 
training will quite often vary with the 
size of community served. 

City or community officials have 
sometimes believed that they could se- 
lect any individual—perhaps the son 
or nephew of the mayor or of a coun- 
cilman—send him to the state college 
or university for a week’s water short 
course, and then turn him loose in the 
local purification plant or water system 
to gamble with the lives and money of 
the citizens. The reverse of this at- 
titude is found where the city officials 


‘{feel that the impractical professors at 


the college or the fault-finding state 
health department men cannot give 
their employees anything of practical 


i-|application or value for their commu- 


nity. Still other  officials—possibly 
with memories of their own attendance 


-jat certain conventions devoted largely 
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. 
to entertainment of various types—do 
not want to spend the city’s money to 
send water works employees on such a 
“lark.” 

Fortunately, it appears that a grow- 
ing majority of water works super- 
visors and city officials have a proper 
appreciation of the scope and value of 
training available for their employees 
through short courses and other types 
of supplementary training. 

Colleges and universities, being en- 
gaged in the business of education, 
would seem to be best qualified and 
equipped to handle the administration 
of instruction, as well as a large amount 
of the actual teaching work to be under- 
Personnel of state health de- 
partments can and should serve in a 
major counseling and assisting capacity. 
Organizations of public officials can 
furnish valuable help by publicizing and 
encouraging such training among the 
employees of their cities and by gain- 
ing state legislative support for its con- 
tinuance and possible extension. Water 
works sections may play their part 
through financial support of training 
programs, visits of section officials to 
short courses and awards to groups or 
states for the largest percentages of ap- 
proved water supplies, licensed em- 
ployees, or similar measurable factors 
more or less dependent on employee 
training. 

Advisory committees composed of 
representatives from the various groups 
and organizations named can furnish 
valuable advice on the content and op- 
eration of a training program. In ad- 
dition, such committees serve an im- 
portant psychological purpose in caus- 
ing all the groups represented to feel 
that the program is actually their own 
and is not “spoon fed” to them by 


those not really acquainted with what 
needs to be accomplished. 
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It is undoubtedly true that in the past 
the major emphasis in many short 
courses has been on the problems of 
water quality and water purification. 
This might possibly have resulted from 
the influence of state health depart- 
ments, whose interest naturally leans 
more to the sanitary quality of the 
water than to the economic factors 
involved. Modern short courses and 
conferences should, and generally do, 
provide training covering the complete 
field of water collection, purification 
and distribution. 


Types of Training 

A. well-balanced program for train- 
ing officials and employees of public 
water supply systems should cover 
the entire field of activity in providing 
a safe water at the most reasonable 
cost to the consumers. It should be 
planned, as far as possible, to fit the 
needs of trainees with various levels of 
education. In developing a training 
program the manner of conducting it 
should also be kept in mind. For ex- 
ample, certain subjects, such as basic 
courses in mathematics and _ science, 
can best be taught in local night 
classes. Others more susceptible to 


presentation by ordinary classroom or 


conference methods may be dealt with 
Some 
subjects, particularly those involving 
laboratory demonstrations and the ac- 


tual use of equipment by the trainee, 


can best be covered by short courses 
held at colleges or universities, where 


facilities for such instruction are avail- 


able. 
Training programs lasting for a pe- 


riod of several years have been tried, 


but changing personnel in the water 
departments with new men desiring 
training furnishes one of the difficulties 
carrying out a long-range program. 
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The provision of training for the per. 
sonnel of large departments involyg 
no special difficulty. These employee 
can be allowed time to attend course 
at home or away while other worker 
substitute for them temporarily. Sug, 
departments can also easily bear the 
financial burden of reimbursing th 
employees for expenses incurred. 

In the smaller communities, with 
only a few employees—possibly a sip. 
gle individual—and the total depar. 
ment income limited, the provision ¢ 
effective training economically become 
next to impossible. 

Systematic and effective training car 
be brought to the trainee on his ow 
job in various ways. Local nigh 
classes may be organized where several 
individuals are interested in a common 
subject, such as mathematics, basic sci- 
ence or chemistry. Classrooms andl 
laboratories of the local high school} 
can usually be found available. Partial 
reimbursement of the teacher of such 
classes may often be made from voca- 
tional education funds. 

In large systems, classes may be or- 
ganized entirely within the water de. 
partment. In smaller communities 
classes may be formed by employees 
of various municipal departments 
Frequently other citizens of the com- 
munity are interested in obtaining aé- 
ditional education in basic subjects 

Correspondence courses are available 
for the water works man to a limited 
extent. Such courses fit the needs oi 
the employee in the one-man depart 
ment or plant, but satisfactory prog- 
ress requires unusual will power ani 
perseverance in the trainee. 

The effect of state laws and codes— 
for example, the licensing of plant op 
erators—provides a great incentiv 
among water works officials and em 
ployees for supplementary training 


| 


he per 
ves 


ployee 
COUT: 
vorkers 
Such 
ar the 
ng the 
With 
a sin. 
depart. 
sion 
ecomes 


Ing can 
is Own 

night 
several 
ommon 
SIC sci- 
Is and 
school 
Partial 
of such 
1 voca- 


be or- 
ter de- 
nities 
Dloyees 
rments 
e 
ng ad- 
ibjects 
vailable 
limited 
¢ 
depart: 

prog: 
er am 


odes— 


int 
centive 
id 
aining 


October 1948 


lf promotions and salary are based on 
such licensing, an additional induce- 


ment will be furnished. 
Conclusion 


A great deal of good has been ac- 
complished by water works short 
courses and conferences. As is always 
true, there is plenty of opportunity for 
improvement. Better planning, better 
organization of material, better use of 
visual aids and better publicity among 
city officials and water works men 
themselves will further increase the 
amount and effectiveness of such edu- 
cation. 


Charles R. Cox 
Chief, Water Supply Section, State Deft. 
of Health, Albany, N.Y. 

Water works schools have formed 
an important part of the New York 
State Dept. of Health program for the 
supervision of public water supplies. 
The fact that the few recent outbreaks 
of water-borne diseases have not been 
due to the lack of knowledge of tech- 
nical procedures but rather to the fail- 
ure to apply such procedures, or else 
to negligence, focuses attention upon 
the need for improved operation and 
supervision of public water supplies. 
As half the water supplies in the state 
serve populations of 1,000 or less, it is 
evident that local technical control of 
many supplies is not feasible. There- 
fore, starting in 1931, schools for 
water treatment plant operators have 
been held to provide instruction in 
the protection of the sources of water 
supply, the operation of water treat- 
ment plants and the laboratory control 
of water filtration plants. 

Subsequently, to foster the employ- 
ment of trained and experienced oper- 
ators, as well as to discourage the dis- 
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charge oi qualified operators for politi- 
cal reasons, the Public Health Law was 
amended to declare operators of water 
purification and sewage treatment 
plants to be “public health personnel.” 
In 1937 Chapter XI of the Sanitary 
Code was enacted to specify the quali- 
fications for such operators. These 
regulations have served to stabilize per- 
sonnel and to form the means of inte- 


grating local civil service into the 
Health Dept. program. 

Sponsoring Agencies 


Schools for water treatment plant op-_ 
erators have been sponsored in New 
York State by the State Dept. of 
Health ; the Conference of Mayors and 
Other Municipal Officials, through its 
“Municipal Training Institute’; the 
Bureau of Public Service Training of 
the New York State Dept. of Educa- 
tion; the Association of Towns of the 
State of New York; and the New 
York Section, A.W.W.A. The State 
Dept. of Health, assisted by local water 
supply officials, furnishes technical in- 
struction; and the Municipal Training 
Institute handles the clerical work, and, 
through the Conference of Mayors and 
Other Municipal Officials, secures the 
support of local government officials 
for these schools. During the war the 
Bureau of Public Service Training as- 
sisted the State War Council in super- 
vising training programs, including the 
“Mutual Aid Plan for Water Service.” 
It may be that the bureau will be re- 
organized as an institute for the train 
ing of government employees. 

Trainees attending these courses 
have been benefited in several ways: 
(1) they have received technical in- 
struction to supplement available read- 
ing material; (2) they have been given 
the opportunity to ask questions and to 
clarify their understanding of various 
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subjects; (3) they have received the 
stimulus of contact with other oper- 
ators; (4) their general attitude to- 
ward their work has been improved 
by a greater breadth of understanding 
and appreciation of their duties and 
responsibilities ; and (5) they have ob- 
tained a more comprehensive knowl- 
edge of the state agencies having con- 
tact with local water supply officials. 
Water works management undoubt- 
edly expects broader training in the 
operation of public water supply sys- 
tems than can actually be given at 
short schools sponsored by state depart- 
ments of health. The limitation of 
time even makes it necessary to cur- 
tail a discussion of those aspects of op- 
eration which directly affect the qual- 
ity of the water delivered to the public. 
A broader approach is certainly de- 
sirable and the program of instruction 
should be expanded. It is likely that 
state agencies will continue to bear 
the brunt of this activity. Advanced 
training in the laboratory control 
water filtration plants, however, neces- 
sitates the use of the facilities of tech- 
nical schools, and their active participa- 
tion is essential to the program. In- 
service training, following attendance 
at short schools, and the holding of 
group meetings of neighboring water 
works officials can be fostered by 
tions of the A.W.W.A., working in 
cooperation with government officials. 
In New York, the official state agen- 
cies have assumed the initiative in or- 
ganizing training programs. This prac- 
tice is basically sound when training 
leads to certificates of qualifications, l1- 
censes or other official documents which 
are associated with civil service status. 
In other states, sections of the A.W. 


sec- 


W.A. or local water works organiza- 
tions have conducted such schools with 
the assistance of state agencies. 
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It seems proper that the minimum 
training required for certificates or ]j- 
censes should be conducted by official 
state agencies. More extended train. 
ing—such as correspondence courses— 
in fields of water supply not of direct 
concern to state agencies might well 
be organized by associations of water 
works officials. 

Training Program 

Problems of water quality and safety 
may have been overemphasized as com- 
pared to problems of hydraulics, eco- 
nomics or office procedure, but due 
weight has been given in recent years 
to the distribution of water of safe sani- 
tary quality through the prevention of 
secondary pollution and the like. 

A well-balanced training program 
for water works employees should em- 
brace the whole system from the source 
of supply to the tap of the ultimate 
consumer and should include public 
relations, office procedure, hydraulics 
and other basic subjects which, of ne- 
cessity, have been disregarded in short- 
term water works training courses or- 
ganized by state departments of health. 
Unfortunately no textbook is available 
in this all-inclusive field except such 
general publications as the “Manual 
for Water Works Operators” of the 
Texas Water Works Short School. 

It is evident that the very extensive 
field of water supply information can- 
not be covered in any short school 
Correspondence courses. or their 
equivalent might, however, be con- 
ducted by sections of the A.W.W.A 
or by official training institutes with 
full-time faculties. 

No difficulty has been experienced in 
having water companies and munici- 
palities pay the expenses of those at- 
tending a school of three days’ dura- 
tion ; that is, schools for Grade III op- 
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erators of water chlorination plants 
and small-size sewage treatment plants. 
The time away from duty and the cost 
of attending Grade II schools of two 
weeks’ duration are serious handicaps. 
Even if the funds and time were avail- 
able, longer courses could not be given 
by the faculty of most technical schools. 
Therefore, the trend in New York 
State is to organize four-hour courses 
on Saturday mornings for 30 weeks, 
a total of 120 hours. Experience to 
date at Niagara University has shown 
that students will travel 75-100 miles 
to such schools on Saturday morn- 
ing, and that their routine duties 
during the remainder of the week en- 
courage freedom from the worry com- 
mon to high-pressure courses. The 
expanded schedule also provides the 
students time for reflection and encour- 
ages the attendance of busy operators. 

In-service training is necessary fol- 
lowing attendance at a short school. 
It would seem quite difficult, however, 

| 


to provide for the in-service training 
of individuals who have not previously 
attended a short school, because it is 
very hard to give basic training to indi- 
viduals in the atmosphere of a local 
water purification plant. The need is 
so acute, however, that short schools 
should be supplemented with organ- 
ized in-service training by a field staff 


or a correspondence school conducted | 


by full-time training personnel. 
Effect of State Laws “ 

Laws and codes giving an official 
stamp to training programs by state 
departments of health, are beneficial be- 
cause: (1) questions of expense and 
attendance at schools during working 
periods are clarified; (2) the organiza- 
tion of training personnel on the staff 
of state agencies gives official recogni- 
tion to training programs and qualifica- 
tions associated with civil service status ; 
(3) the whole program is dignified in 
the eyes of the public and the taxpayer. 
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Philadelphia; 


Linden, 
Water Co., St. Louis, Mo. 
pare this digest. 


HE A.W.W.A. Committee on Ca- 
pacity and Loadings of Water 


Treatment Processes is engaged in a 


-formances of the Accelator, * Hydro- 
-treatort and Precipitatort type of 
basins. R. W. Haywood, C. F. Wertz 
and S. B. Applebaum have made ap- 
preciable contributions to this study 
through their papers presented at the 
1948 Annual Conference. Others have 
also directly aided the committee study ; 
particularly, George 
Infilco Inc., Chicago, and the various 
state sanitary and consulting engineers 
who completed a questionnaire mailed 
to them by the committee. This paper 
is an attempt to summarize the extent 
of the study at present. Those inter- 
ested are invited to participate in writ- 
ten discussions with the committee. 


of the characteristics and per- 


Nomenclature 


One of the early considerations be- 
fore the committee was the need for 


* Made by Infilco, Inc., Chicago. 
+ Made by The Dorr Co., New York. 
t Made by The Permutit Co., New York. 


By H. O. Hartung 
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This statement is a consolidation of the following papers presented on 
3, 1948, at the Annual Conference, 
ences W ith Short-Period Flocculation and Upflow Clarification” by 
R. W. Haywood Jr., Asst. San. 
“Short-Period Flocculation and Clarifier Basins” by 
C. F. Wertz, Resident Engr., Dept of Water and Sewers, Miami, Fla.; 
and discussions by S. B. Applebaum, Pres., 
N.J., and H. O. Hartung, Production Engr., St. Louis County 
In the interest of economy of space and 
continuity of thought, H. O. Hartung, Chairman, Committee on Ca- 
pacity and Loadings of Water Treatment Processes, was asked to pre- 


Atlantic City, N.J.: “Experi- 


Engr., American Viscose Corp., 


Liquid Conditioning Corp., 


agreement on a general descriptive 
name for these basins. The Accelator, 
Hydrotreator, Precipitator and similar 
water purification basins are popularly 
being designated in several ways, 
None of these names, which are dis- 
cussed below, are completely descrip- 
tive of the type of flow or the purifica- 
tion processing which takes place within 
the various basins. There may be a 
few who will insist that the processing 
within each of these basins is accom- 
plished by different means and_ that 
therefore the basins cannot be de 
scribed by a single generic name ; never- 
theless, the basins are competitive and 
are generally similar in application 
and operation. Consequently, an over- 
all descriptive name seems to be in or 
der, at least for purposes of discussion 

Although the proprietary names, Ac 
celator, Hydrotreator and Precipitator 
are not necessarily descriptive in them- 
selves, by popular usage each now cot- 
notes a particular type of basin. It 
might be argued that a general name 
for these basins need not be completely 
descriptive, provided its implications 
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are popularly understood. A discus- 
sion of the worth of the various gen- 
eral names now in use will, however, 
further serve to characterize the basins. 


Upflow Basin 
The term “upflow basin” has been 
applied to the Accelator, Hydrotreator 


land Precipitator type because, loosely 


speaking, the water flow is vertically 
upward from the bottom to the top 
of the basin. Such a description ap- 
plies more properly to the Hydrotreator 
than to the Accelator or Precipitator. 
In the Hydrotreator, water is intro- 
duced into the bottom of the basin by 
means of rotating distributing arms; 
the water then flows vertically upward 
into collecting troughs. In the Ac- 
celator and Precipitator. however, the 
water flow is both upward and down- 
ward. Moreover, the name “upflow 
basin” is in no sense distinctive, for it 
could also be applied to cold- and hot- 
process softeners, in which the flow is 
also directly upward from the bottom 
to the top of the tank or basin. The di- 
rection of flow is a minor characteristic 
of the basins, and terminology based on 
it completely neglects the method by 
which processing accomplished 
within them. 

It might be well to point out that the 
upflow rates at the sludge or slurry 
separation line vary between 1 and 3 
gpm. per square foot, equivalent to ver- 
tical velocities of approximately 0.1 to 
0.3 fpm. 


is 


Short-Period Mixing and Coagulation 
Basin 


The designed detention time in the 
Accelator, Hydrotreator and Precipi- 
tator is usually between one and two 
hours, a relatively short period com- 
pared to the horizontal coagulation and 
sedimentation basin, in which the de- 
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tention time often varies from about 
two to six hours. Detention time is 
not an adequate distinguishing char- 
acteristic, however, because other types 
of basins can have equally short deten- 
tion periods. 

The actual detention time in these 
basins has been of some interest to the 
committee. Table 1 lists three basins 
for which such data (shown in Fig. 1) 
have been obtained. The curves in 
Fig. 1 indicate that, in basins with cal- 
culated one-hour detentions, some of 
the flow may pass through within 
twenty minutes’ time. The center of 
gravity of the area under the curve in 
two of the three instances is approx- 
imately the calculated detention time. 

From another point of view, the pe- 
riod of flocculation in these basins is 
not “short.” It is usually 30 minutes 
and often longer, or about the same as 
in many conventional flocculation cham- 
bers. A substantial portion of the time 
saving in the Accelator, Hydrotreator 
and Precipitator basins is thought to be 
due to the elimination of the separate 
basins—or basin zones—for mixing, 
conditioning and settling required in 
the conventional horizontal basins. It 
has been frequently claimed that an 
even more important time saving is re- 
alized because chemicals are usually 
perthitted to react only in the presence 
of previously precipitated slurry. The 
reaction products are thus deposited 
on the surfaces of the solids, thereby 
saving, in some measure, the water- 
solids separation time required in con- 
ventional basins with a_ lesser-con- 
ditioned floc. 


Sludge Blanket Basins 


A definite characteristic of the Ac- 
celator, Hydrotreator and Precipitator 
basins is that water processing takes 
place in the presence of an apprecia- 
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ble amount of previously precipitated 
sludge. In a properly operated basin, 
there is a definite sludge level or line 
of demarcation between this s!udge and 
the clear water, the suspended sludge 
being called ‘sludge blanket” or “slurry 
pool.” There are some who are of the 
opinion that clarification and solids re- 
moval is accomplished by entrapment 
as the water percolates through the sus- 
pended sludge—thus the name “sludge 
blanket.” The experience of others 
seems to indicate that considerable par- 
ticle removal is obtained without strain- 
ing or filtration through a bed of sus- 
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tact” as being fairly descriptive of th 
Accelator, Hydrotreator and Precipj. 
tator. McBride has suggested “solids. 
contact process basin,’”” while Apple 
baum has called it a “solids-contag 
reactor.” These names take into ae. 
count a very fundamental characterictic 
of the basins; that is, the intimate cop. 
tact between the solution phase ang 
the solid phase of the chemical reae. 
tions taking place. Yet these names are 
still not completely descriptive, for, as 
McBride points out, they do not de. 
note any particular amount of solid: 
or any particular manner of contact 


pended solids. In some basins the They could be applied to sludge retun 
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sludge blanket is relatively quiescent, 
and in others the suspended particles 
are in fairly rapid motion with gqual 
clarification results. This fact supports 
those who believe that the removal of 
solids may not be the result of any up- 
ward filtration. Because of this differ- 
ence of opinion, the name “sludge 
blanket basin” may not be descriptive, 
if it implies filtration or similar me- 
chanical entrapment of solids in the 
suspended solids pool. 


~ Solids-Contact Process Basin ( Reactor ) 


McBride and Applebaum independ- 
ently have offered the term “solids con- 


or even ordinary flocculation, both oi 
which use and depend on solids con- 
tact. The Spiractor * also employs a 
solids contact process but is distine- 
tively different from the Accelator, Hy- 
drotreator and Precipitator basins. 
The committee is continuing to giv 
consideration to a suitable general name 
for these basins. Suggestions from the 
reader will be helpful in this search 
The primary assignment before the 
committee is to tabulate actual basi 
operating experiences which will prob- 
ably characterize the basins on_ the 
basis of performance. The experience 
~* Made by The Permutit Co., New York 
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of Haywood with the “rectangular” 
Precipitators of the Kankakee Ord- 
nance Works at Joliet, Ill., and of 
others, has been most useful to the 
committee in its study. 

Haywood has concluded that, when 
basins of the Precipitator type are prop- 
ely applied and their limitations rec- 
ognized, they provide a definite for- 
ward step in the preparation of water 
for filtration. The water treatment ob- 
tained in his experience was comparable 
to that which would have resulted, from 
the older arrangement of mixing, co- 
agulation and settling in a conventional, 
The 
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less than two hours. The water from 
the Precipitator flows directly into a 
filter plant, consisting of eight filters, 
and then into a 300,000-gal. clear well 
The experiences of Haywood at this 
plant may possibly indicate several gen- 
eral operating characteristics of this 


type of basin. | 
Rapid Flow Changes 


Demands for water at the plant re- 
quired at times that the flow through 
the Precipitators be varied from ap- 
proximately 75 to 100 per cent of the 
rated capacity more than once within 
an hour. 


straight-through settling basin. The rapid change in flow re- 

Salt Detention Studies — 

Item Accelator Precipitator Hydrotreator 
Location Fredericktown, Mo. | Parkville, Mo. | North Kansas City, Mo. - 
Flow rate, gpm. 312 245 2,000 aan 
Capacity, gal. 21,000 12,350 68,000 
Detention (calcd.), min. 68 50 34 * 
Center of gravity of detention 73.4 50.7 52.7 pa ol 
curve* 
* See Fig. 1. 

three principal advantages obtained — sulted in unsatisfactory effluents. <A 


from the use of the Precipitator basin 
were: (1) the combination of mixing, 
conditioning and clarification in a single 
basin, resulting in a much smaller basin, 
per unit of capacity, than the conven- 
tional type; (2) the positive contact 
between the water to be clarified and an 
established sludge blanket; and (3) 
the continuous withdrawal of excess 
sludge, thus extending the periods of 
operation between shutdowns. 

The Kankakee Ordnance Works in 
stallation is made up of two parallel- 
fow rectangular Precipitators, 35 ft. 
wide, 104 ft. long and 16 ft. deep. The 
calculated detention time in each Pre- 
cipitator, based on volume, is a little 


’ tribution of sludge in the bottom of the 


change from low to high flows caused 
the sludge blanket to lift until the efflu- 
ent from the unit had about as high a 
turbidity as the raw water. This condi- i's 
tion was aggravated by the uneven dis 


basin, and “boils” occurred at various 
points, giving an effluent of even higher 
turbidity. Conversely, a drop from 
high to low flows, if followed by a low- 
flow period of several hours, would 
lower the sludge blanket concentration 
by allowing more solids to settle out 
of the field of action. Then, until the 


proper concentration was restored by 
adjusting the sludge withdrawal rates, 
clarification was also unsatisfactory. 
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When the rate of flow changed only 
within narrow limits, or when the 
change was gradual, clarification was 
excellent. 

Applebaum, in discussing these rate- 
of-flow changes, pointed out that while 
sudden changes in rate (or “shock’’) 
should be avoided, the sludge depth and 
concentration is less influenced if there 
is good agitation over the entire bot- 
tom to keep the sludge suspended even 
at low rates. He concluded that the 
operating troubles resulting from the 
rapid changes of flow at the Kankakee 
Ordnance Works plant could have been 
minimized if the filter-rate controllers 
had been made to throttle or open grad- 
ually as the ciear water level varied 
rather than to change the rate of flow 
suddenly through the entire plant. 

Wertz reports that a Precipitator at 
the Socony Vacuum Oil Co. in East St. 
Louis, IIl., has been observed when the 
rate of flow was changed from 80 to 100 
per cent in. about ten minutes with- 
out any detrimental effect on effluent 
turbidities. This Precipitator was be- 
ing used in the lime softening of a very 
hard water containing 14 ppm. of iron. 
Applebaum has pointed out, however, 
that the calcium carbonate and mag- 
nesium hydroxide precipitates from lime 
softening are relatively heavy and are 
less subject to carry-over. 


Maintenance of Sludge Level 


Operating experiences reported to 
the committee indicate that the main- 
tenance of the sludge blanket at a 
proper level constitutes a very impor- 
tant requirement for satisfactory c'ari- 
fication in these basins. Haywood 
found it desirable to check the sludge 
level every two hours. His method was 
to lower a stoppered bottle on the end 
of a graduated rod, removing the stop- 
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per at a known depth. This operation 
was repeated at other depths until the 
top of the blanket was located. If it 
was too low, as indicated by a cloudy 
effluent, the rate of sludge withdrawal 
was decreased by a change in the set- 
ting of the timer controlling the draw- 
off valve. If the blanket was too high 
and solids were being carried out in the 
effluent, the sludge withdrawal rate was 
increased. Sampling lines were origi- 
nally installed but soon became inopera- 
tive because of plugging. 

According to information received b 
Wertz, Accelators at Clewiston, Fla, 
similarly required careful attention in 
order to hold the sludge blanket at a 
uniform level. In Pinellas County, 
Fla., on the other hand, no difficulty was 
found in holding the blanket at a uni- 
form acceptable level while operating 
an Accelator at 50 per cent of its de- 
signed capacity. At Lake City, Fla., 
a satisfactory sludge level was main- 
tained by employing an ammonium sul- 
fate activated silica as a coagulant aid. 

In some plants automatic sludge 
blowoff devices have replaced the per- 
centage timers which open and close 
the sludging valve, to minimize the 
close attention required in maintaining 
sludge levels. These devices are of 
several types, some controlling the 


sludge level by a photoelectric cel! and 


others by proportioning the amount of 
sludge blowoff to the rate of flow 
through the basins. From observa- 
tions made of automatic controls, how- 
ever, Wertz is of the opinion that the 
addition of manual control of the blow- 
off equipment is desirable. 

Sludge withdrawal from the Precipi- 
tator at the Kankakee installation was 
preceded by a “flush-back’’ operation. 
“This operation,” states Haywood, 
“was simply flushing the sludge col- 
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tion | jection compartment with water un- 
the | der pressure for a short period im- 
lf it | mediately before opening the drawoffs, 
udy | so that theoretically the sludge would be 
wal more liquid and would flow more 
set- | readily through the ports in the drawoff 
‘aw- header. It was first thought that a pe- 
high | riod of one or two minutes would be 
‘the ' sufficient, but experience soon proved 
was | that twice or three times as much time 
rigi- | was necessary if mounding of the sludge 
era- | was to be prevented. Even with this 
precaution, it was necessary to empty 
d by | the basins at least twice each year so 
Fla., ‘that they could be thoroughly cleaned. 
nin “At such times it was found that 
at a | sludge had settled in mounds in the 
nty, | bottom of the sludge collection com- 
was partment and that inverted cones had 
uni- | formed through which all the draw- 
ting | ing off and flushing back was being 
de- | done. This, of course, contributed to 
Fla., | improper operation of the unit [since] 
ain- severe short-circuiting resulted. 
sul- | Changing the length of backflushing 
aid. fcorrected these conditions to a certain 
idge Fextent but they were never eliminated 
‘los 
~ Rate of Mixing 
ning} Haywood has concluded that the rate 
> of | of mixing and the direction of rotation 
the | of the mixing paddles in the Precipi- 
and |tator have no definite bearing on the 
it of | water processing results. His Precipi- 
flow | tators were provided with vari-speed, 
rva- | reversible motor drives. His method 
iow- | of study was by direct observation with 
the | the two I *recipitators operating in par- 
low- | allel at different mixing speeds. Apple- 
baum, on the other hand, considers the 
cipi-] rate of mixing to be a critical perform- 
was} ance factor in these basins, indicating 
tion. | that “great care in the design must be 
ood, paid to the agitation so that the sludge 
col-§does not settle, for, once it settles, 
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solid deposits accumulate and _ inter- 


fere with operation. 


Losses From Sludge Blowoff 

The original Spaulding Precipita- 
tors were built with external sludge 
concentrators, which resulted in high 
sludge concentrations. Recent basins 
have been constructed with internal 
concentrators giving various degrees of | 
sludge concentrations. Haywood’s ex- 
perience with an internal concentrator _ yf 
prompted his belief that “the removal of \ 
sludge constitutes one disadvantage [of | 
the basin] in that a portion of the water 
pumped and dosed with chemical is 
wasted during the operation.” Apple- 
baum claims that the usual degree of 
thickening is about three to four times ; 
that is, the density of the sludge in the \ { 
concentrator is three to four times the | 
density of the suspended sludge in the 
blanket or slurry. Based on Apple- | 
baum’s figures, the sludge concentra- 
tion from the average concentrator is 
estimated to be 1 per cent dry solids by 
weight. 


| 


| 
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Point of Application 


According to Applebaum and others, 
the best basin performance is obtained 
when the old sludge contacts the in- 
coming water and chemical immediately 
after entrance into the unit. If a chem 
ical is added to the water before it 
reaches the basin, new colloidal precipi- 
tates may form that do not adhere to 
the old sludge nuclei. In_ practice, 
opinion is divided on which point of 
application is preferable. In the opera- 
tion of a Hydrotreator at Weldon 
Springs, Mo., it was found that the ad- 
dition of the lime for softening in the 
basin caused a sludge cementation suff- 
cient to stop the distributing arms. 
This difficulty was entirely eliminated 


| 
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when the lime was added to the incom- 
ing water. 


Questionnaire 


Because of these and other—some- 
times conflicting—reports on “upflow” 
basin operations, the committee at- 
tempted to determine the prevalent 
opinion on the place of the ‘“upflow” 
basin in water treatment plant flow 
sheets. Accordingly, a questionnaire 
was sent to all state sanitary and con- 
sulting engineers and to a few operators 
of such basins. Admittedly, the ques- 
tionnaire probably had many of the 
faults common to this method of ob- 
taining information. For example, the 
questions may not have been under- 
stood to mean the same thing by differ- 
ent readers. Furthermore, the person 
responding was not required to sup- 
port his opinion with operating data. 
Realizing the potential weaknesses of 
the questionnaire, the results are sub- 
mitted here without extensive inter- 
pretation. 

Replies were a from 48 state 
departments of health, 16 consulting 
engineers and 9 “upflow” basin opera- 
tors. Most of the replies from basin 
operators were referred to the com- 
mittee by health department engineers. 

It is interesting to note that of the 48 

replies from state departments of health, 
19 report no “upflow” basins in use on 
public water supplies in the state. Six 
reported that only one such basin was 
being employed on public water sup- 
plies in their state. Moreover, the 
water supply officials of 27 state health 
departments disqualified — themselves 
[ ing an opinion because they 
“upflow” basins in opera- 
tion. 

The letter of transmittal which ac- 
companied the committee’s question- 
naire read: 
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Jour. 
The A.W.W.A Committee on C apacity 
and Loadings of Water Treatment Prog. 
esses, as a part of its studies, is attempt, 
ing to compile today’s composite opinion 
of water works men as to the place 9 
“upflow” basins in water treatment plan 
flow sheets. This opinion is being 
solicited only from those who have ha 
a chance to observe the basins in opera. 
tion, and who can be expected to be fair 
in their judgment. The opinion is to he 
today’s opinion, and obviously might not 
agree with future opinion, as more ex. 
perience and knowledge is assembled. 

The enclosed questionnaire . . . does not 
allow for original cost considerations 
Admittedly, “first cost” is very important 
when choosing a plant flow sheet. Hoy.- 
ever, cost consideration is only important 
after it is determined that alternate plans 
will result in equal water processing per- 
formance. The questionnaire should be 
filled out from the point of view that 
comparative basin costs will be a later 
consideration and do not constitute a 
part of the question asked. 

“Yes” or “No” answers to the questions 
will in many cases be difficult to give 
Do the best you can; the questionnaire 
is, in the last analysis, only your today’s 
opinion based on your observations of 
basins as they are in operation today. 

In case you have not personally ob- 
served “upflow” basin operation, will you 
kindly pass the questionnaire on to the 
person in your organization who has had 
the most observation experiences. 


The questions comprising the ques- 
tionnaire and a summary of the answers 
are given below. 

1. In comparison to the design data, 
at what holding time, overflow. rate 
and capacities are the “upflow” basins 
successfully operating?  |This ques- 
tion was intended to show whether the 
actual average flow rates through suc- 
cessfully operating “upflow”’ basins are 
considerably different from the publi- 


cized rates. | 
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Of 34 replies, 18 reported successful 
operation at a rate equal to the design 
rate, 7 indicated successful operation 
at 75 to 67 per cent of the design rate, 
6 at 50 per cent and 3 at lower per- 
centages. 

2. Is the effluent water from the “up- 
fow”’ basins clearer, as clear as, or 
more turbid than could be expected 
from conventional settling basins? 

The majority of the 34 replies to 
this question stated that the clarifica- 
tion results from the conventional set- 
tling basin unit and the “upflow” basin 
were about equal. Seven reported that 
the effluent water from the “upflow” 
basin was “clearer” than could be ex- 
pected from conventional settling ba- 
sins, 19 indicated that the water was “as 
clear,” and 8 replied that it was “more 
turbid.” 

3. When softening, is the softening 
yield per unit of chemical added to the 
water greater, as great as, or poorer 
than could be expected from conven- 
tional flocculation and settling basins? 
[This question was designed to show 
the importance of producing the soften- 
ing reactions in the presence of pre- 
viously precipitated softening sludge. 
Although the majority of the answers 
indicated that there was value in such 
softening, the question did not take 
into consideration the sludge “slurry” 
or “blanket” concentration in the “up- 
flow” basins. | 

Of the 24 replies, 7 indicated that the 
softening yield per unit of chemical 
added to the water was “greater” in the 
“upflow” basin; 15, “as great”; and 2, 
“poorer.” 

da. Is the water from the softening 
“upflow’ unit chemically stable? [In 
other words, are the laboratory results 
of the calcium carbonate stability test 
reproduced in the “upflow’’ basins, 
and do the “upflow” basins eliminate 


the necessity for chemical stabilization 
devices such as recarbonation ?] 

Out of 26 replies, 4 stated that the 
water was chemically stable and 22 that 
it was not. 

If not, is the water as chemically 
stable as could be expected from con- 
ventional basins? 

Of the 22 persons who said that the 
water was not chemically stable, 7 indi- 
cated that it was “more stable’ than 
could be expected from conventional 
basins ; 9, “as stable’; 1, “less stable’’ ; 
and 5, “don’t know.” 

5. Are the “upflow” units being sat- 
isfactorily used as clarification units on 
turbid water (turbidity greater than 
750 ppm.) supplies? 

Of 20 replies, 7 reported that the 
“up-flow” units could be used satisfac- 
torily as clarification units on turbid 
water supplies, and 13 indicated that 
they could not be. 

6. Is more, less or the same chemical 
required for equal results in treatment 
in the “upflow” basin than is required 
in the conventional flocculation and 
settling basins? 

The 34 replies to this question indi- 
cate that there is still considerable dif- 
ference of opinion about the amount of 
chemical required to produce water 
treatment results in the “upflow” basin 
equal to those which can be obtained 
in the conventional basin. The results 
are inconclusive : 10 stated that “more” 
chemical was required in the “upflow” 
basin; 13, “the same”; and 11, “less.” 

Does the “upflow” basin require 
more or less attention and more or less 
skilled operation than do conventional 
flocculation and settling basins? 

Of 25 replies, 20 reported that 
“more” attention and skill were re- 
quired for the “upflow” basin than for 
the conventional type; 3, “the same” ; 


and 2, “less.” A few of those replying 


1035 


= _ 
| 
q 
q 
= 


1036 


i were careful to point out that it is rea- 
_ sonable to expect a high-speed machine 
to require more attention and operating 
. than a slower one. 
Are the “upflow’ basins subject 
to more or fewer operating failures than 
_ encountered in the conventional ba- 
sins? 
Of 30 replies, 21 indicated that the 
“upflow” basin was subject to “more” 
- failures, and 9 stated that there was 
“no difference.” Again, a few of those 
replying observed that, inasmuch as a 
high-speed machine requires greater 
operating skill, it can be expected that 
there will be more failures whenever 
this requisite skill is lacking. 
— 9. Can the “upflow” basins be used 
more or less satisfactorily than conven- 
tional units on water supplies of fre- 
quently varying chemical and physical 
characteristics? 


Out of 35 replies, 9 indicated that 


the “upflow” basin was “more satis- 
factory”; 5, “no difference”; and 21, 
“less satisfactory.” The answers 


showed that rapid changes in influent 
water characteristics caused operational 
failures in “upflow” basins. 

10. Does your state limit the instal- 
lation of “upflow’ equipment to any 


particular character or type of water? 


O. HARTUNG 
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Of replies from 48 states, 33 re. 
ported no rules or regulations govern. 
ing the use of “upflow” equipment, and 
15 indicated that they discouraged or 
limited its use. Most of those report- 
ing no rules or regulations stated that 
each proposed water supply installation 
or improvement was judged on its par- 
ticular merits and that no specific rules 
existed. Some of the remaining replies 
indicated that there were general rules 
or departmental policies on settling ba- 
sins which would discourage the use 
of “upflow” basins in jn- 
stances. 


Conclusion 


The replies to this opinion question- 
naire appear to define the areas in “up- 
flow” basin operation where an im- 
portant difference of opinion exists, 
The chief value of the questionnaire lies, 
perhaps, in that it indicates to the com- 
mittee the approach which future in- 
vestigations should take. 

The Committee on Capacity and 
Loadings Water Treatment Proc- 
esses is continuing to collect informa- 
tion on the experience of operators 
with these basins. Contributions to 
the committee will be greatly appreci- 
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By C. A. Jennings 


Although chlorine had been used earlier intermittently and experimen- 
tally as a water treatment material in the United States, the 
in 1908 at Chicago and at Boonton, N.J., 
This paper, by C. A. 
Ind.—and the papers by Tiernan and Fair et al. 
presented on May 5, 1948, at a special commemorative session during 
the Annual “onference of the A.W .W 


nings of chlorination. 


FTER receiving a degree in chem- 

istry from Purdue University at 
Lafayette, Ind., I spent four months 
with a chemical firm in Indianapolis. 
In October 1906 I had an opportunity 
to go to Chicago to enter the water 
purification department of the Ameri- 
can Steel and Wire Co., a branch of the 
U.S. Steel Corp. At several of its wire 
plants, an enormous quantity of a by- 
product was accumulated which had to 
be disposed of. This was iron sulfate, 
or copperas, which was produced when 
the iron wire was dipped into sulfuric 
acid for cleaning. 

C. Arthur Brown, the manager of 
the department, had the job of find- 
ing uses for copperas. He was very 
active in trying to convince water puri- 
fication plants to substitute iron sul- 
fate in conjunction with lime in place 
of aluminum sulfate, commonly known 
as alum, for coagulating water. 
Through his contacts with the various 
mechanical filter companies operating 
in those days, Brown learned of a very 
acute and critical problem faced by the 
Union Stock Yard & Transit Co. of 
Chicago. This company owned the 
ground and the pens and buildings in 
the stockyards proper and was usually 
referred to as the “Stock Yard Co.” 
Cattle, hogs and sheep shipped in from 
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in effect marked the begin- 
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rural districts to the Chicago stockyards 
would be driven into the pens to be 
watered and fed until sold. It is self- 
evident that the more water these ani- 
mals drank after arriving in the yards, 
the greater the weight at which they 
were sold and the greater the amount 
received by the shipper. 

In 1908 and for some years earlier 
the water pressure in Chicago was 
very low, especially in the summer. 
Three-story apartment buildings were 
hard put to secure enough water on the 
third floors from the city mains even 
for sanitary purposes. The city alder- 
men in those days were very much 
opposed to meters and would hear of 
nothing but flat rates for water users. 
This attitude resulted in a very high 
per capita water consumption. The 
city could not install new water tun- 
nels, intakes and pumping stations fast 
enough to keep up with the increasing 
demands for water and the pressure 
continued to drop year after year. 
The Stock Yard Co. had done every- 
thing it could to secure an adequate 
supply of city water but in vain. Con- 
sequently, the livestock suffered ter- 
ribly. 

There seemed no answer to the prob- 
lem until somebody had the temerity 
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obtain drinking water from Bubbly 
Creek. This aptly named branch of the 
Chicago River had its inception at 39th 
and Halsted Sts., where a 20-ft. under- 
ground sewer emptied into it. The 
contents of the sewer came chiefly from 
a large section of the South Side of 
Chicago and flowed by gravity to a 
series of pumps in a pumping station at 
39th Street and the lake front. These 
pumps elevated the sewage into the 20- 
it. sewer or tunnel, which ran beneath 
39th St. from the lake to Halsted St., 
a distance of approximately 2} miles. 
At times lake water pumped at the 39th 
St. station by the Sanitary Dist. was 
used to dilute the sewage but this prac- 
tice was not at all dependable or regu- 
lar. 

To those who knew Bubbly Creek, 
the purification of its water seemed im- 
possible. In the warmer months the 
surface of the water in this stream was 
a mass of bubbles caused by decompo- 
sition below. This would become so 
violent at times as to cause geysers or 
eruptions lasting several minutes and 
measuring several feet across. The ma- 
terial brought to the surface was as 
black as ink. A considerable amount 
of gas was given off, which was so evil 
smelling—especially on damp days, 
when the atmosphere was heavy—that 
it could be detected even above the pre- 
vailing odor from the stockyard pens. 
Chickens had been seen to venture out 
on the scum formed on the surface after 
these eruptions—and this is not exag- 
geration. Nearly everybody was cer- 
tain that the purification scheme was a 
foolhardy attempt to accomplish the 
impossible. The reputation of Bubbly 
Creek as an open sewer was very wide- 
spread. 

The logical approach to the solution 
of the purification problem was to con- 
struct an experimental filter plant. 
This project was carried out under the 
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direction of the Norwood Engineer. 
ing Co., of Florence, Mass., a builder 
of mechanical filter plants, and the 
Water Purification Dept. of the Amer- 
ican Steel & Wire Co. The site chosen 
was the stockyard itself. I was jn 
charge of the mechanical operation of 
this plant, and it was my function to 
establish and supervise a chemical and 
bacteriolgical laboratory on the prem- 
The effluent from this experi- 
mental plant was clear and practically 
odorless. The chemicals used for ¢o- 
agulation were iron sulfate and lime, 
while copper sulfate was employed as 
a germicide. Comparatively low bac- 
terial counts were obtained from the 
discharge side of the filter. Samples 
for both chemical and_ bacteriological 
analysis were taken as the water came 
from the filters. The filtered water 
was not stored in a large tank or basin 
as is done in an operating filter plant. 
The importance of this detail will be 
evident later in this discussion. 


Mechanical Filter Plant 


Because the results obtained were 
so encouraging, the officials of the 
Norwood Engineering Co. and_ the 
Stock Yard Co. entered into a con- 
tract for the construction of a 5-mgd. 
mechanical filter plant with certain 
specifications as to the quality of the 
effluent. The plant followed the con- 
struction practices in vogue at. that 
time, approximately three hours being 
required for coagulation and sedimen- 
tation, after which the water was fil- 
tered through standard rapid sand fil- 
ters. 

The filtered -water was as beautiful 
to the eye as anyone could have asked. 
The bacteriological data on samples 
taken directly from the outlets of the 
individual filters were satisfactory. 
Those samples which were taken from 
the clear water storage basin beneath 
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the filters, however, showed an ex- 
tremely high bacteriological count al- 
though the water remained crystal 
clear. Varying the amount of copper 
sulfate did not help, nor did changing 
the point or points of application. 
The count from the clear water basin 
remained high no matter what changes 
weremade. This situation posed a crit- 
ical problem. The filter company had 
on its hands a plant that was producing 
5 mgd. of water which was clear and 
sparkling but did not meet the bacterio- 
logical specifications of the contract 
with the Stock Yard Co. 

George A. Johnson, a consulting en- 
gineer of New York, was called in to 
| After 


as- 
per sulfate treatment simply “stunned” 
the bacteria, which multiplied rapidly 
because of the high organic content 
of the water even after filtration, John- 
son suggested that calcium hypo- 
chlorite be tried as a germicide. The 
initial results of this treatment were 
encouraging. However, we had had 
so many disappointing things happen 
when using copper sulfate that we pro- 
ceeded cautiously. Various quantities 
were employed and different points of 
application were tried. The solution 
was introduced into the raw, settled 
and filtered water and also at more than 
one point at the same time. The 
amount of calcium hypochlorite used 
varied from 2.4 to as high as 4.2 ppm. 
After a period of some weeks, we felt 
that the problem had been solved. An 
official test run from September 3 to 
17, 1908, resulted in the acceptance of 
this filter plant. 

Having had experience with the 
plant from its inception, I made ap- 
plication for the position of chemist and 
superintendent, and was accepted. The 
Bubbly Creek installation became the 
first operating water purification plant 
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in the United States to use calcium hy- 
pochlorite for disinfecting a water sup- 
ply. The results were consistent and 
the water was used for the livestock in 
the pens of the Stock Yard Co. 

George A. Johnson (1) stated in 
1910: 


Up to 1908 the use of hypochlorites in 
the purification of public water supplies 
had not received serious consideration. 
Most of the information then available 
was fragmentary and more or less in- 
definite in character and the process had 
not gained general credence. The first 
demonstration in this country in a prac- 
tical way of the usefulness of hypo- 
chlorites in connection with water puri- 
fication was made in the fall of 1908 at 
the filter plant of the Chicago Stock 
Yards on the recommendation and under 
the direction of the writer. 

Following directly on the heels of the 
spectacular results obtained at Chicago, 
came the adoption of this process for 
sterilization at Boonton, N.J., of the im- 
pounded and unfiltered water supply of 
Jersey City. The results obtained at 
these two places were given wide pub- 
licity, and almost immediately the use 
of hypochlorites, either intermittently or 
continuously, spread throughout the 
United States. 

Legal Difficulties 

The city of Chicago did not sit idly 
by and lose the sizable revenue which 
the water department had been re- 
ceiving from the stockyards, without 
putting up a fight. The city instituted 
a lawsuit against the Stock Yard Co. 
to restrain it from using this filtered 
and disinfected Bubbly Creek water 
for watering livestock. The plea was 
made that it constituted a health hazard 
to the animal handlers as they moved 
through the pens, inasmuch as_ the 
water would be running through open 
spigots into watering troughs and these 
men could easily be tempted to drink of 
it. Also there was the far-fetched claim 
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that harm might come to people who 
ate meat from livestock which had in- 
gested this water with its high organic 
content. The suit took up considerable 
time, and much testimony was heard 
from sanitary engineers, chemists, med- 
ical experts and the like. When I was 
called on to testify in behalf of the 
Stock Yard Co., I stated honestly and 
truthfully that it had been my practice 
to drink the filtered water from this 
plant in preference to the city water. 
It was part of my work to make bac- 
teriological tests of the filtered and 
city water several times daily, and I 
had substantial data to prove that, from 
a bacteriological standpoint, the filtered 
water was superior to that furnished by 
the city. After the conclusion of this 
trial, during which over 1,000 pages of 
testimony were taken, certain restric- 
tions were mutually agreed upon. 
Signs were posted in the pens to the 
effect that the water was not for human 
consumption. However, the filtered 
water continued to be used for watering 
livestock and an enlarged storage tank 
was built to tide over the peak periods 
of water consumption in the yards. 
The water was also used in the fire 
protection system on the property of the 
Stock Yard Co. 

An amusing incident took place on 
the occasion of a large dinner party 
staged by the American Steel & Wire 
Co. to celebrate the acceptance of this 
plant by the Stock Yard Co. In his 
after-dinner speech, C. Arthur Brown, 
who had arranged the party, drew at- 
tention to the sparklingly clear water 
imbibed at the dinner. Then he had 
carboys brought in containing samples 
of Bubbly Creek water before treat- 
ment. In the preparation of these 
sample carboys we had left nothing 
out, and we succeeded in making a 
vivid contrast between the before and 
after results. Brown then announced 
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that all the water which had beep 
served at the table was Bubbly Cree; 
filtered water. Several of those pres. 
ent excused themselves hurriedly ang 
made for the washroom. 


Spread of Hypochlorite Treatment 


During the early part of 1910, AL 
vord & Burdick, a Chicago firm g 
consulting engineers, received an emer. 
gency call from Erie, Pa., to advise the 
city officials what steps should be taken 
to stop a severe epidemic of typhoid 
fever, believed to be water-borne 
Water was pumped into the city mains 
from Lake Erie without any treatment 
I was asked by Alvord & Burdick to 
proceed to Erie at once and install some 
sort of calcium hypochlorite treatment 
plant for the water supply. The off- 
cials of the Stock Yard Co. very gra- 
ciously consented, under the circum. 
stances, to give me a leave of absence. 
In view of the real seriousness of the 
epidemic, no time was lost, and the 
most practical plant possible within a 
limited period was set up and put into 
operation. This plant consisted of 2 
wood mixing tank mounted on top of 
two adjacent cypress wood storage 
tanks of approximately 2,500-gal. ca 
pacity each. The diluted and constantly 
stirred solution flowed by gravity from 
the storage tanks, through an adjust 
able orifice, into a measuring tank be 
low. The solution was then fed int 
the suction of the various high-pressur: 
water pumps. A chemical and bac 
teriological laboratory was set up, ant 
a close check was kept on the qualit 
of the water being treated, as well a 
on its taste.- Samples were taken a 
many points in the city distributio 
system and dead ends were thorough 
flushed. The treatment plant provei 
successful in rendering the water sup 
ply safe and the epidemic tapered of 
rapidly. 1-4 
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A few months after this experience 
at Erie, 1 was summoned by the city 
officials of Pasco, Wash., for the same 
purpose. L. L. Lumsden, of the U.S. 
Public Health Service, had been called 
to Pasco because of an outbreak of 
typhoid there and his recommendation 
was to treat the water supply with cal- 
cium hypochlorite. The same general 
pattern was followed in installing an 
emergency treatment plant, as it was 
comparatively easy in those days to 
secure the delivery of wood tanks and 
other more-or-less crude materials re- 
quired. After the installation at Pasco, 
I did work at Grant’s Pass and Salem, 
Ore. Upon my return after four 
months on the Pacific Coast, in the 
fall of 1911, I supervised installations 
of similar plants in Iowa, Indiana and 
other states. 

There were drawbacks in preparing 
uniform solutions of calcium hypo- 
chlorite which were due in part to the 
material itself. It did not go into solu- 
tion readily and had to be made into 
a sort of mash before diluting it into a 
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standard strength solution for the stor- 
age tanks. Also, the chemical was 
shipped in metal drums and its strength 
varied with the amount of corrosion 
developed in these drums. When me- 
chanical chlorinators using liquid chlo- 
rine in place of calcium hypochlorite 
were introduced, they found a ready 
welcome. It was only natural that I 
should become interested in this new 
and practical development in the dis- 
infection of water supplies. I soon be- 
gan to handle Wallace & Tiernan chlo-— 
rinators as a sideline to my position at 
the Bubbly Creek filter plant and con- 
tinued doing this for some time. How- 
ever, I eventually saw that the possi- 
bilities in chlorinator sales work were 
greater than in the routine operation of 
this now famous filter plant, and I 
threw in my lot with the Wallace & 
Tiernan Co. as their Chicago manager. 
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greenish yellow), which I am ven- 
turing to call the “Green Goddess,” is 
a greenish-yellow gas, easily com- 
pressed to a liquid. It was discovered 
in 1774 by Scheele, a Swedish chemist. 
Well may chlorine be called the Green 
Goddess, because of the important place 
she occupies in the chemical field, and 
the tremendous scope of her influence 
and power, her ability to do good or 
evil for mankind and the ever increas- 
ing realm of her activity. Corrosive to 
practically all things, she is safe and 
docile when properly handled but can 
at times be most vexatious and dan- 
gerous to those who would woo her 
without an understanding and appreci- 
ation of her nature. 

In dealing with the development of 
apparatus for controlling chlorine gas, 
it is necessary to mention the names 
and recount the experiences of many 
individuals who are more or less known 
to water works men. Should I fre- 
quently refer to the activities of my as- 
sociate, C. F. Wallace, and myself, it 
is only because it seems pertinent to the 
historical record. It is always interest- 
ing to have at least a brief biographical 
knowledge of individuals who have 
been more or less prominently identi- 
fied in any development work. The 
background of such men often explains 
their later activities. 
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By Martin F. Tiernan 


A paper presented on May 5, 1948, at the Annual Conference, Atlantic 
City, N.J., by Martin F. Tiernan, Pres., Wallace & Tiernan Co., Inc., — 
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Pioneers of Chlorine Control 
I will speak first of E. D. Kingsley, 
the founder and first president of the 
Electro Bleaching Gas Co. In 1906 he 
was superintendent at the Lord & 
Taylor Department Store. Because of 
a severe operation, his doctor told him 
he would have to seek other employ- 
ment which would enable him to keep 
off his feet. His nephew by marriage, 
a chemist named Hesse, told Kingsley 
of the commercial possibilities in elec- 
trifying chlorine, by which its activity 
could be increased. A promoter from 
Philadelphia persuaded Kingsley to 
invest $1,000 in such a scheme, which 
appealed to him because he appreciated 
the commercial value of well-bleached 
goods. A short time later Kingsley 
visited Philadelphia to check up on his 
investment. Learning that the indi- 
vidual to whom he had given the money 
had disappeared, Kingsley took over 
the company. He related his experi 
ences to Hesse, who criticized the 
method of chlorine production used and 
advised Kingsley to go to Germany to 
obtain technological information. 
While abroad, Kingsley observed the 
German method of producing chlorine. 
He brought back with him a German 
chemical engineer, imported chlorine 
compressing apparatus from Germany 
and set up the Electro Bleaching Gas 
Co. next to the Niagara Alkali Co. at 
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Niagara Falls. The name “Electro 
Bleaching Gas Co.” derives from Kings- 
ley’s earlier contact with an electrical 
process which was alleged to increase 
the bleaching power of chlorine. Chlo- 
rine was obtained from the Niagara 


- Alkali Co., which at that time was mak- 
| ing chloride of lime. After consider- 
able experimentation he succeeded in 
compressing about } Ib. of chlorine gas 
and this quantity stood in a small cyl- 
inder in Kingsley’s office for years. I 
heard him relate many times that it 
cost $26,000. This was the first chlo- 
rine gas to be compressed in the 
United States. Later, the Electro 
Bleaching Gas Co. went into the busi- 
ness of compressing and selling chlo- 
rine gas commercially. It is rather in- 
teresting that a man with Kingsley’s 
background and complete ignorance of 
chemical processes should find himself 
in this type of business. He certainly 
picked a “hot” one. 

The minimum amount of apparatus 
for the introduction of chlorine into 
water consists of a chlorine cylinder 
and a valve. This is about what V. B. 
Nesfield (1), a lieutenant in the Indian 
Medical Service, described in a paper 
in July 1903. Chlorine gas, he wrote, 
was applied to water “‘by liquefying it 
[chlorine] and storing it in lead-lined 
iron vessels having a jet with a very 
fine capillary canal and fitted with a tap 
ora screw cap. The tap was turned on 
and the cylinder placed in the amount 
of water required. The chlorine slowly 
bubbled out, and in ten to fifteen min- 
utes the water was absolutely safe, and 
had only to be rendered tasteless by 
the addition of sodium sulphite made 
into a cake or tablet.” With our pres- 
ent knowledge of the art, one would 
hardly call this method a_ practical 
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Carl Darnall, doctor of medicine, 
was an executive officer in the U.S. 
Army Medical Corps. He was fa- 
miliar with the Lister bag, a canvas af- 
fair used in the army to hold water for 
distribution to troops. Into this bag 
would be put chloride of lime to purify 
it. It occurred to Darnall to use pure 
chlorine gas for this purpose. As he 
was unable to obtain a small cylinder of 
the gas in this country, he sent to Ger- 
many for it. In an article (2) pub- 
lished in 1911 he wrote: “In June 1910, 
the writer began a series of experiments 
with the object of determining the 
availability of commercial liquefied 
chlorine for the purification of water.” 
It seemed to have been the opinion at 
that time that it was necessary to have 
the chlorine bound up as a salt, such as 
chloride of lime, in order to retard the 
action of the element. Darnall appar- 
ently questioned that idea. 

He developed an apparatus (U.S. 
Patent 1,007,647 ) for handling chlorine, 
consisting of a pressure-reducing mech- 
anism, a metering device and a mixing 
or absorbing chamber. Other means 
were present for automatically starting 
and stopping the apparatus. Darnall 
installed this machine at Fort Myer, 
Va., and operated it for several months 
on a small water supply there. The 
chlorine was applied as a dry gas di- 
rectly to the water rather than in the 
form of a solution. Although Darnall 
never entered the apparatus field com- 
mercially, he did install one unit at 
Youngstown, Ohio. To my mind, there 
is no doubt that he should receive full 
credit for the introduction of the use 
of chlorine gas in the sanitary field. I 
believe it was his work which aroused 
the interest of men like George Orn- 
stein; John Kienle, of Wilmington, 


Del.; Seth Van Loan, of Philadelphia ; 
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and D. D. Jackson, of New York. 
Wallace and myself were certainly in- 
debied to Darnall. 

In the application of liquid chlorine 
at Philadelphia in September 1912, by 


Seth Van Loan, an engineer in the 


_ Water Department, no special appa- 
_ratus was employed. He placed the 
_ chlorine cylinders on a set of platform 
scales and attempted to valve the chlo- 
rine so as to get a constant loss of 
_ weight (3). The chlorine was applied 
directly to the water. 

In December 1912 John Kienle (4), 
an engineer in the Water Dept. at Wil- 
mington, Del., fed the chlorine from 
the cylinder to an absorption tower, 


through which a counterflow of water 


was run and the chlorine added in the 
form of a solution. No control mech- 
anism other than the valve on the cyl- 
inder was used. 

D. D. Jackson (5), Prof. of Chem. 
Eng. at Columbia University, and prior 
to that Director of the Mount Prospect 
Laboratories for the Brooklyn, N.Y.., 
Water Dept., learning of Darnall’s 
work, and having seen his installation 
at Youngstown, Ohio, started develop- 
ment operations in 1912—in conjunc- 
tion with Frank Leavitt, Chief Engr., 
Bliss Co., Brooklyn, N.Y.—on a chlo- 
rine control apparatus involving the 
loss-of-weight principle. A chlorine 
cylinder was suspended on the end of a 
balanced beam and mechanically moved 
along at a predetermined rate. The 
movement of the beam when out of bal- 
ance would either increase or decrease 
the rate of flow of chlorine. This ap- 
paratus (U.S. Patents 1,087,958 and 
1,088,232) was known as the Leavitt- 
Jackson chlorinator and applied the 
chlorine directly to the water the same 
as Darnall’s. Only a very small num- 
ber of these machines were installed 
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and they were soon taken off the 
market. 

George Ornstein, a German scientist, 
came to America about 1909 and Jo. 
cated in Niagara Falls, N.Y. He 
worked with the Hooker Electro-Chem. 
ical Co. and in 1910 joined the staff of 
the Electro Bleaching Gas Co., help- 
ing Kingsley in the manufacture oj 
chlorine. Toward the latter part of 
1912 Ornstein started experiments at 
the plant of the Western New York 
Water Co., where Harry Huy was su- 
perintendent, to determine the com- 
parative efficiency of chlorine gas and 
chloride of lime. These experiments 
corroborated Darnall’s results. 

Following Kienle’s experiments at 
Wilmington, Ornstein developed an 
apparatus (U.S. Patent 1,142,361) 
consisting of a high- and low-pressure 
gage, the latter being calibrated to in- 
dicate the flow of gas through a fixed 
orifice. The gas was then led into a 
scrubbing tower, where it was dis- 
solved and made into a solution. This 
apparatus was installed at Kienle’s Wil- 
mington plant and was the first prac- 
tical solution-feed machine operated in 
the United States. This method of ap- 
plying chlorine gas came into quite gen- 
eral use throughout the country. 

Ornstein developed an automatic ap- 
paratus (U.S. Patents 1,944,803-4) at 
the end of 1913, but it was _ never 
widely adopted. 

Association With Wallace 

The association between C. F. Wal- 
lace and myself began in New York 
about the middle of 1909. Wallace, an 
electrical engineer with practical ex- 
perience—which started with digging 
post holes for telephone lines—got a 
job with the Gerard Ozone Process 
Co., a manufacturer of machinery for 
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producing ozone. I came to New York 
about two weeks before Wallace’s ar- 
rival, from Pittsburgh, where I did lab- 
oratory work for the Pittsburgh Ty- 
phoid Fever Commission. The Gerard 
Co. hired me as a chemist. I had grad- 
uated from the University of Rochester 
in 1906 and my first job was at the 
Rochester Water Works on a reser- 
voir job. Wallace and I lived together 
in New York and this was the begin- 
ning of an association which is now 
of nearly 40 years duration. 

The ozone business folded up and 
Wallace and I joined the Moore Filter 
Co., an outfit making vacuum filters 
used in mining processes. I was sent 
to Mexico to install some special equip- 
ment ina mine. I was paid $5.00 a day 
and expenses and had managed to save 
up $1,000 when I returned about nine 
months later. 

About the middle of 1911 I was let 
out of the Moore Co. and very shortly 
afterward Wallace followed. This 
probably was the most fortunate 
thing that could have happened to 
us. With my $1,000 and $800 that 
Wallace had saved, we decided to 
go into business for ourselves. We 
hired a small room in a loft building in 
downtown New York, spent three or 
four hundred dollars for second-hand 
tools and started in business. I had 
been doing work for the firm of Charles 
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| E. North and E. B. Phelps, consulting 


sanitarians, in New York, and any odd 
dollars that I picked up here and there 
I turned in to our partnership. 

In September 1911 a severe epidemic 
of typhoid fever broke out in Torring- 
ton, Conn. Phelps was called in on the 
job and sent for me to install an emer- 
gency hypochlorite plant. Using bar- 
rels and odds and ends, I put it in oper- 
ation. Later on, we (Wallace & Tier- 
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nan) made special calibrated orifices, 
float boxes, and the like for this plant 
and sold odd ones in other places. 

At Torrington, I made the acquaint- 
ance of James A. Newlands, State 
Sanitary Engineer, whose name will 
be mentioned later on. The Torring- 
ton Water Co. kept me on until April 
1912, when I returned to New York 
and picked up other free-lance jobs 
when I wasn’t working with Wallace in 
our shop. At that time we had one 
employee, who, by the way, is still 
with us. We developed various gad- 
gets for handling hypochlorite solu- 
tions, and such items as orifices that 
might be used in experimental work. 
In the early fall of 1912 I spent about 
six weeks operating the hypochlorite 
plant for the Jersey City Water Dept. 
at Boonton, N.J., the chemist having 
gone on vacation. This background 
gave me pretty good experience in the 
hypochlorite picture. 

I had previously learned that Darnall 
was working on the idea of using dry 
chlorine gas for water sterilization. 
Intrigued, I visited Darnall in Wash- 
ington, where he told me of his work 
and gave me a copy of a paper (2) he 
had published a year or so before. He 
had a small apparatus in the corner of 
his office, substantially the same as 


described in his article. 
q 


Dover Hypochlorite Plant a: 


That fall William Griffin, the super- 
intendent of the Jersey City Water 
Dept., was considering the installa- 
tion of a hypochlorite plant at Dover, 
N. J., to treat a Rockaway River tribu- 
tary which fed the Boonton reservoir. 
I suggested the use of chlorine gas to 
Griffin and he asked me to look into 
the matter. Griffin and I visited the 
office of the Electro Bleaching Gas Co. 
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to see if chlorine was available, and I 
went to Niagara Falls to interview 
Ornstein. He took me over to the 
plant of the Niagara Falls Water Co., 
where Harry Huy was superintendent 
and where a method of making chlo- 
rine solution from chlorine gas was 
employed. The solution was made up 
in a tank from which it was fed by an 
orifice. The bacteriological results of 
Darnall and the Niagara Falls Plant 
compared very favorably with those 
obtained from hypochlorite. 

I reported to Griffin that I thought a 
chlorine gas plant was the thing to in- 
stall at Dover. As there was no water 
under pressure, a direct-feed apparatus 
had to be used. Wallace and I made a 
proposal to Jersey City to install such 
a plant, with guarantees as to opera- 
tion, for the sum of $150. At that time 
we hadn’t even designed the apparatus. 

We secured a cylinder of chlorine 
from the Pennsylvania. Salt Co. and 
started on the apparatus. We entered 
into the program full of enthusiasm 
but ignorant of the properties of com- 
pressed chlorine gas. Had we 
pected the difficulties before us we 
probably never would have attempted 
this activity. 

The first apparatus used hard rubber 
parts, in contact with the chlorine, and 
ordinary solder for joints of metal 
tubing. When subjected to chlorine 
under pressure it literally blew up in 
our faces. After many tries, we pro- 
duced a controlling mechanism which, 
under a short test in our shop, seemed 
to be all right, and we arranged to in- 
stall it at Dover. The apparatus was 
put on the wall in the pattern shop of 
the McKernan Drill Works, which 
happened to be located on the edge of 
the Rockaway River tributary, and had 
a lot of nice bright, shiny tools. To 
effect the solution of the gas in the 
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stream, we put an inverted trough 
across the stream bottom, weighing jt 
down with stones, and introduced the 
gas at one end of the trough. Inags. 
much as this water was a tributary to 
a drinking water supply, it was neces. 
sary to get the approval of the New 
Jersey State Board of Health. Fit 


Randolph, the director, was present | 


to inspect the installation when the gas 
was turned on. A considerable por- 
tion of the gas came to the surface of 
the water, but a good strong breeze dj. 
luted it so that Randolph got just a 
very slight odor. He said, “That 
smells okay and the installation seems 
to be in order.” 

We left the apparatus turned on and 
returned to New York. The next 
morning when we entered our shop 
the phone was ringing. The McKer-. 
nan Drill people wanted to know what 
we were trying to do up there. The 
apparatus had sprung a leak during the 
night, all the tools in the shop were 
coated with rust, and they had promptly 
thrown the device out the window. 

We redesigned the apparatus and 
made diffusors out of small Alundum 
grinding wheels, cemented into the 
saucer of a flower pot. We had a small 
house built on the bank of the stream 
made the installation and anchored 
the diffusors to the bottom of the 
stream, where the gas was led, first 
through hard rubber tubing and later 
through silver tubing. We completed 
the installation on February 22, 1913 
The meter was a volumetric inverted- 
syphon type, which we are still using 
The apparatus gave satisfactory serv- 
ice for a good many vears. Figure ! 
is a photograph of the chlorinator. 


Other Early Installations 


A second installation of this kin¢ 
was made at Fords Pond, on another 
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stream at Dover. This time we raised 
our price to $200. Fortunately for our 
finances, payment on the two instal- 
lations was received fairly promptly. 
James A. Newlands, whose name I 
mentioned above, was acting as con- 
sultant for the Stamford Water Works, 
which was considering a hypochlorite 
plant. Newlands wanted an _ auto- 
matic device to feed a sterilizing agent 
in proportion to the flow of water, 
which fluctuated widely and rapidly. 
Wallace and I discussed the matter and 
offered to install a Venturi-operated 


Early Wallace 


& Tiernan Chlorinator 


automatic chlorinator for $500 before 
we had even made the design. We 
guaranteed that the apparatus would 
operate satisfactorily for two years 
and would proportion the chlorine 
properly. We even went so far as to 
absolve the water company from any 
loss in case of patent infringement. 
Mind you, all for the sum of $500! 
This surely was a mark of our confi- 
dence and ignorance. 

It was only a matter of a few days 
until Wallace had figured out a way 
of handling the problem. Three bal- 
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anced diaphragms, functioning as two, 
were operated by the differential pres- 
sure across a Venturi throat in the 
water main, to maintain a drop in pres- 
sure across the gas control valve in 
proportion to the drop across the 
Venturi throat. This would give a 
proportional flow of chlorine to the 
water through a variable orifice (the 
control valve). A simple, low-voltage 
d-c. toy motor, operated by six dry cells 
and costing some six or eight dollars, 
was cut in and out by contacts operated 
by connections to the diaphragms. This 
motor operated the control valve in the 
gas line until the drop in pressure 
across the valve was proportioned to 
that across the Venturi throat. 

The installation was made at Stam- 
ford on September 3, 1913, and func- 
tioned perfectly from the very begin- 
ning. Chlorine was introduced into 
the intake well through a silver tube 
and a diffusor submerged to a depth of 
25 ft. So sensitive and accurate was 
the automatic chlorinator that it would 
vary the flow of chlorine before the 
change in the flow of water was indi- 
cated by the Venturi meter. 

Later that year we installed auto- 
matics at New Haven, Torrington and 
Hartford, Conn. The automatic fea- 
ture of these three machines was modi- 
fied to eliminate the electric motor. 

In June 1913 Herman Rosentretter, 
of the Newark, N.J., Water Dept., 
hearing of our installations for Jersey 
City, gave us an order for a direct-feed 
manual-control machine for the entire 
Newark supply. The installation was 
made at the Macopin intake, using dif- 
fusors which fed into an open well. 

In July 1913 we installed a direct- 
feed machine at the pumping station of 
the Bernardsville, N.J., Water Co. 


The apparatus fed directly into the in- 
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take line of a pump. I remember quite 
clearly going by train to Bernardsville. 
carrying the machine under my arm, 
then taking a bus to the south, down 
toward the pumping station, and walk. 
ing at least two miles with the machine 
on my shoulder. Wallace and I spent 
the July 4 holiday cutting a tap into 
the suction line in the engine room. It 
was a pretty hot job. We hung the 
apparatus high up on the wall, above the 
hydraulic gradient, figuring that the 
water would not get back into the ma- 
chine. Of course, as soon as the ap- 
paratus was turned off, when the pump 
was shut down, the chlorine in the line 
from the apparatus was quickly ab- 
sorbed by the water, and before morn- 
ing the machine was flooded. After 
the development of a satisfactory check 
valve, the installation was completed. 

In October 1913 the city of Phila- 
delphia called for bids on chlorine ap- 
paratus for five filter plants. We of- 
fered direct-feed machines, and_ the 
Electro Bleaching Gas Co. solution-feed 
machines. Although we were the lower 
bidders, the contract was awarded to 
Electro Bleaching Gas. This was our 
first experience in which the low bid- 
der did not get the job. Naturally we 
were very much disappointed, but we 
accepted the situation, feeling that the 
city had a right to purchase whatever 
equipment it thought best for its needs. 

The Boys’ Club at Waterbury, Conn., 
wanted a machine to sterilize its swim- 
ming pool. After a direct-feed ap- 
paratus proved unsuccessful, we de- 
veloped a solution-feed machine using 
an enclosed glass jar in which a volu- 
metric meter was submerged and into 
which an impinging jet of water was 
introduced to effect the solution of the 
gas. The scheme worked out very well 
and we made quite a number of instal- 
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lations of that type. The maximum 
capacity was about 10 Ib. of chlorine 
per day. 

Trenton, N.J., was in the market for 
a solution-feed machine of a much 
greater capacity than ours, and we 
developed an enclosed glass-jar ar- 
rangement with an impinging jet which, 
for its size, had a very large dissolving 
capacity. 3eing a closed system, the 
danger of gas escaping was eliminated. 
This type was also very successful in 
operation. 

My files show that in September 
1914 we had 23 installations in eight- 
een different cities. 

In July and August 1914 New York 
City ran comparative tests on the 
equipment of the manufacturers of chlo- 
rine apparatus, then three in number. 
We installed a direct-feed manual con- 
trol, and the results of this test were 
very satisfactory to us. 

On April 4, 1916, we installed nine 
of our direct-feed units to treat the 
water of the new and the old Croton, 
N.Y., aqueducts, with a capacity of 
340 mgd. This installation functioned 
very well until the water became cold, 
when chlorine hydrate forming in the 
diffusors caused difficulty. Later on, 
this installation was changed to a solu- 
tion-feed type. 

By this time we were pretty thor- 
oughly established in the chlorination 
field. In solving practical problems, 
we had found it necessary to make a 
great number of ingenious devices to 
meet special operating conditions. 
For the glass solution tower we had 
substitued the injector, to dissolve the 
chlorine. We had developed special 
valves for various purposes; cements ; 
lubricating materials for valve packing ; 
rubber tubing and hard rubber of 
formulas best suited to withstand cor- 


rosion; and machines of ever increas- 
ing capacity and constantly improved 
design. We had developed the vacuum 
type of apparatus for manual, semi- 
automatic and automatic control. The 
time and cost of all these things was 
simply tremendous, and only a genius 
like C. F. Wallace could have accom- 
plished such results. As a matter of 
fact, after a nationwide poll on the 
occasion of the 150th anniversary of 
the founding of the U.S. Patent Office, 
Wallace was named as one of the nine- 
teen great inventors in the United 
States and was given a suitable me- 


inento. 


The use of chlorine in the sanitation 
field is not confined merely to the ’ 


Conclusion 


sterilization of water. Higher stand- = 
ards of water quality are requiring 7 7 
more and more accuracy and reliability = 
of chlorine control equipment. A great - 
expansion in the treatment of sewage - 


has made necessary installations of 
very large capacity. Today the De- , 
troit Sewage Disposal Plant has a ca- 
pacity of some 54,000 Ib. of chlorine 
per day. Compare this with the 10-Ib. { 
machine at Dover, N.J. It would be 
folly, however, to say that we have 
reached the top. Development and im- 
provement in the means of application 
and treatment will go on. Means of 
treating water, actuated by the chlo- 
rine demand itself, have been perfected 
and a similar device for sewage is just 
around the corner. What the future 
will bring I would not venture to guess, 
but the constant thought, energy and 
genius of men engaged in this field are 
bound to produce further improvements 
and, probably, new and more satisfac- 


tory methods. 
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It has been a long journey from the 
simple capillary of Nesfield to the De- 
troit Sewage Disposal Plant. Team- 
work has been necessary on the part 
of the chlorine producers, the apparatus 
inventors and manufacturers, the chem- 
ists and the engineers, in both private 
practice and public service. 

i And thus, the “Green Goddess,” 
locked up from the dawn of time in the 
“Castle of Chemical Compounds,” 
covered by the wizardry of the research 
chemist, freed by the magic of the 
electrochemical engineer and physicist, 
controlled by the genius of the inventor, 
made available to the art of sanitation 
throughout the land by the vision of 
the executive and the persuasive activ- 
ity of the sales engineer, now reigns as 


dis- 
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the great “Prophylactic Queen,” 
guardian and protector of the health of 
mankind. 
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URING the 40 years of its use as 
D a disinfectant for municipal water 
supplies in America, chlorine has 
proved itself to be so powerful and 
versatile that it and certain of its com- 
pounds are almost the sole chemicals 
employed for this purpose today. Yet, 
despite the accumulation of a large 
amount of practical knowledge about 
its use, science is only now beginning 
to unravel the fundamental chemistry 
and biology of its disinfecting action. 
It is the purpose of this paper to de- 
scribe the recent advances which are 
leading to an understanding of the be- 
havior of chlorine as a water disinfect- 
ant and to indicate briefly those large 
areas of its behavior that still remain 
to be explored. 


Chemistry of Chlorine in Water 


The destruction of bacteria and other 
micro-organisms by a substance such 
as chlorine is essentially the result of 
a chemical reaction between the active 
agent and some vital substance neces- 
sary to the functioning of the organism. 
The characteristic action of the agent 
is dependent upon its chemistry and can 


7 


be interpreted only when that chem- 
istry is known. This statement is es- 
pecially true for chlorine because of the 
wide variety of chemical reactions in 
which it participates. 


General Properties 


The element chlorine is the second 
member of the seventh column of the “4 
periodic table. Surrounding its nu- 
cleus, it has an outer shell of seven 
electrons, and, since an outer shell of 
eight electrons has great stability, atoms 
of chlorine show a strong tendency to 
acquire an extra electron to complete 
a shell of eight. The tendency to ac- 
quire electrons manifests itself as oxi- 
dizing activity. Correspondingly, ele- 
mental chlorine is a powerful oxidizing 
agent and in the great majority of 
its chemical reactions acts as an oxi- 
dizer. Other properties of elemental 
chlorine are of importance in connec- 
tion with its technical use as a disin- 
fectant. Because it may be liquefied at 
room temperature, at pressures of 5 to 
10 atmospheres, it is relatively easy to 
transport and store in necessary quan- 
tities. Because of its considerable solu- 
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- bility in water—7,300 ppm. at 68° F. 
and 1 atmosphere—little difficulty is ex- 


perienced in administering it to water 
in closely controlled amounts. 


Hydrolysis 

When chlorine is dissolved in water 
it undergoes a reaction of hydrolysis 
which may be represented by the chem- 
ical equation: 


. (1) 


In strong solutions, only a portion of 
the chlorine reacts in this way, but at 
the concentrations ordinarily employed 
for water disinfection the hydrolysis is 
virtually complete. Only if the pH of 
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acid that the major disinfecting action 
of chlorine solutions is associated. 


Ionization of HOCI 


Hypochlorous acid undergoes a fur- 
ther reaction with water, one of ioniza- 
tion, which may be represented by the 
equation : 


This is an essentially instantaneous, 
reversible process, so that one may 
write an equilibrium expression for it: 


(H+)(OCI) 
TABLE 2 


Percentage of Free Chlorine as HOCI 


= Temperature 4, ppm. 
C. 4 100 1,000 
99.7 1.003 
5 96.8 1.033 
10 7 75.2 1.33 
15 . es 23.3 4.3 
20 er | 2.9 34 
25 10 0.30 331 
11 0.030 3,300 


the water is below 3, or if chlorine con- 


o centrations in the neighborhood of 

: 1,000 ppm. or more are employed, is 

7 any measurable quantity of Cl, pres- 


ent. In addition, it has been shown 
(1) that the rate of the reaction is so 
7 rapid that the hydrolysis is essentially 
complete within a very few seconds at 
ordinary temperatures. 

Actually, therefore, it is incorrect 
to speak of disinfection by chlorine, for 
chlorine itself is not present for more 
than a fleeting instant under conditions 


~HOCI, and it is with this hypochlorous 


oxidizing capacity of the chlorine is 
retained in the hydrolysis product, 


In this expression the parentheses 
stand for activities (approximately 
equal to molar concentrations) of the 
enclosed substances, and K, called the 
ionization constant, depends only on 
the temperature. Values of K at vari- 
ous temperatures, compiled from a sur- 
vey of experimental researches on the 
ionization of HOCI, are shown in 
Table 1. 

Rearrangement of the ionization con- 
stant equation gives: 


(OCl-)_ K 


(HOC!) (H+) 


Hence the relative amounts of hypo- 
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chlorous acid and hypochlorite ion 
present in a solution of “free chlorine”’* 
are a function of the hydrogen ion ac- 
tivity, or pH. Anatyses for “free chlo- 
rine’ always determine the sum of the 
two species. Table 2 shows the per- 
centage of the free chlorine present as 
undissociated HOCI at various pH 
values at 20°C. The table also records 
the amount of free chlorine required 
to give 1 ppm. of HOCI. 

Since, as will be shown, the HOCI 
is the principal disinfectant in chlorine 
solutions, the efficiency of these solu- 
tions is a function of pH and varies in 
much the same way as the percentage 

Hypochlorites, such as chloride of 
lime, calcium hypochlorite and bleach 
solution, establish this same ionization 
equilibrium in water. For example, 
when calcium hypochlorite is dissolved 
in water, it ionizes according to the 
equation : 


OCI-...(4) 


The hypochlorite ions then combine 
with hydrogen ions from the water, as 
shown by the reaction: 


(2a) 


This is just the reverse of the pre- 
vious ionization equation (Eq. 2). The 
same equilibrium expression and con- 
stant hold, and the relative amounts of 
hypochlorous acid and hypochlorite ion 
at a given pH are exactly the same as 
for a chlorine solution. Hence, at the 
same pH, chlorine solutions and hypo- 
chlorite solutions must have the same 
disinfecting efficiencies. 
ferences in efficiency should be attrib- 
uted either to experimental error or to 


* See “editorial note on p. 1061. 


CHLORINE BEHAVIOR 


Reported dif- - 


failure to carry out the tests at the same | 


pH value. The addition of chlorine 
tends to lower the initial pH value, 
whereas the addition of hypochlorite 
tends to raise it. 


Chloramines * 


The disinfecting action of chlorine 
solutions is further modified by the re- 
action of the hypochlorous acid with 
certain substances of frequent occur- 
rence in natural waters. Ammonia 
and many organic amines combine with 
hypochlorous acid to give the chlo- 
ramines. Again, as in the ionization 
of the hypochlorous acid, the oxidizing 
capacity of the chlorine is retained by 
the chloramines, so that starch-iodide 
and standard o-tolidine tests record 
chlorine combined with nitrogen as 
well as “free chlorine.” Since the mo- 
lecular nature of the chlorine has been 
modified, however, the disinfecting 
power is also changed. 

The most important of the reactions 
of chlorine with nitrogen compounds is 
that of hypochlorous acid with am- 
monia itself. Although it is known 
that three compounds, monochloramine 
(NH,Ci), dichloramine (NHCI,), and 
nitrogen trichloride (NCI,), may be 
formed, very little has been reported 
about the fundamental character of 
these reactions or about the interrela- 
tionships among them. Investigations 
initiated in the Laboratories of Sani- 
tary Engineering at Harvard 7 on the 
ammonia-hypochlorous acid reactions 
have so far led to these conclusions: 

* See editorial note on p. 1061. 

+ The results quoted as issuing from these 
laboratories were obtained in researches sup- 
ported in part by the Office of the Quarter- 
master General, in part by the Engineer 
Research and Development Laboratories and 
in part by the Wallace & Tiernan Research 
Fund in Chlorination. 
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1. The formation of the chloramines 

a stepwise process for which the suc- 
cessive reactions 
»~NH.CI+H.0. . (5) 
»>NHCL+H,0. . (6) 


+H,0. .(7) 


NH;+HOCI 
NH.CI+ HOCI- 


4 may be written. 

2. The rate of the first step, the for- 
mation of monochloramine, is very 
much dependent on the pH of the 
solution. The maximum rate occurs 
at a pH of 8.3 and decreases rapidly at 
higher and lower pH values. For ex- 
ample, at 25°C., with 0.8 ppm. of chlo- 
rine and 0.32 ppm. of ammonia-nitro- 
gen, it requires about one minute for 
the reaction of 99 per cent of the chlo- 
rine, whereas at pH 5 it requires ap- 
_ proximately 210 minutes and at pH 11 
approximately 50 minutes. The re- 
action has been shown to be bimolecu- 
lar in accordance with the equation 
presented, and the variation in rate 
with pH can be calculated precisely on 
the basis of the solution equilibria that 
occur. The rate of the reaction also 
varies greatly with the temperature. 
O,, values (see p. 1059) of 2.0-2.5, de- 
pending on the pH, have been ob‘ained. 

3. The general statement that dichlor- 

amine is formed predominantly at low 

pH values (5-6.5) and monochlor- 
amine at high pH values (greater than 

7.5) can be interpreted in terms of the 
equilibrium reaction : 


2 . (8) 


“An excess of hydrogen ions should 
displace this reaction to the right, 
yielding greater amounts of dichlor- 
amine at lower pH values. This equa- 


tion also predicts that the relative 
proportions of monochloramine and di- 


FAIR ET AL. 
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chloramine should be affected not only 
by the pH, but also by the excess am- 
monia present. This has been con- 
firmed by spectrophotometric measure- 
ments, which also give a value of 6.7 x 
10° for the equilibrium constant, where: 


(NH,*)(NHCh) 
(H*)(NH2CI)? 


Table 3, calculated from this con- 
stant, shows the relative percentages 
of monochloramine and dichloramine 
at various pH values in solutions with 
a chlorine to ammonia-nitrogen weight 
ratio of 5:1. 

Just as the disinfecting efficiency of 
solutions of free chlorine will v ary fe 


Equilibrium Chloramine Distribution 


Chlorine as 


pH Dichloramine 


per cent 

6 62 
35 

8 


pH because of a change in the HOC: 
OCT ratio, that of chloramine solutions 
will vary depending on the NHC: 
NH.Cl ratio. Consequently, any fun- 
damental approach to the problem of 
disinfection by chlorine or its com- 
pounds must have as a background the 
types of basic chemical data that have 
been presented. 


Chlorine Demand 


Other reactions that lead to a loss of 
oxidizing chlorine also occur. Since 
HOCI is a strong oxidizing agent, its 


reaction with reducing substances is to Jv"! 


be expected and results in the so-called 
“chlorine demand.” 


In the reactions |! 
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included under this heading, the chlo- 
rine atom manifests its great tendency 
to gain electrons and is thereby changed 
into the chloride ion or organic chlo- 
ride. In ths form, the chlorine atom 
no longer has oxidizing properties 
or disinfecting power. The substances 
responsible for the reduction of chlo- 
rine include inorganic Fett, Mn*, 
NO.-, and H,.S, along with the greater 
part of the organic material in the 
water. The reaction of the inorganic 
substances is generally rapid and stoi- 
chiometric ; that of the organic material 
is generally slow, and its extent de- 
pends upon the excess concentration of 
available chlorine present. Since the 
amount of organic material in natural 
waters is usually closely related to the 
olor or stain, the organic chlorine de- 
nand can often be approximately esti- 
mated from the depth of color. 

The occurrence of these reactions is 
i disadvantage to the use of chlorine as 
a disinfectant, for one must provide 
sufficient chlorine to take care of these 
side reactions before a reliable disin- 
iecting action can be assured. Yet the 
currence of these side reactions stems 
irom the same property that 
makes chlorine such a potent disin- 
fectant—its high oxidizing activity— 
ind the bad must therefore be accepted 
with the good in order to secure the 


ictivity. 


Ammonia or organic amines may 
exert chlorine demand in the 
“break-point reaction.” This is an- 
other phenomenon which, like the for- 
mation of chloramines, is of great im- 
portance in disinfection but of which 
irtually none of the fundamental chem- 
istry is known. Even the products of 
the reactions are uncertain. The ac- 


basic 


Break-Point Reaction 


also 
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tive chlorine is probably reduced to 
chloride and the stoichiometry of the 
process indicates that ammonia-nitro- 
gen is oxidized to the + 1 valence state, 
corresponding to N,O, but this may re- 
sult from a combination of products, 
such as N, and NO,,, rather than from 
any single product. 

Experiments now in progress have 
so far established several points: 


1. The rate of the reaction is strongly 
dependent on pH. A maximum rate 
is obtained at about pH 7.5 and de- 
creases rapidly at high and low pH 
values. 

2. One of the substances concerned 
in the break-point reactions is prob- 
ably dichloramine. 

3. The rate of the reaction is only 
slightly dependent on the temperature. 

4. The rate of the reaction is very 
dependent on the total concentration of 
dissolved salts. 


The complexities of the break-point 
reactions are so great that considerable 
additional work must be done before a 
consistent theoretical treatment can be 


achieved. 4 


Biological Reactions of Chlorine a 


The way in which the remarkable 
disinfecting power of chlorine solutions 
is achieved has been the subject of 
speculation ever since the time of the 
first use of chlorine as a disinfectant. 
But the research necessary to provide 
an experimental foundation for theories 
of the mechanism of the disinfecting 
process was begun only a few years ago. 


Mechanism of Cell Destruction 


Early ideas that the action of chlorine 
was due to nascent oxygen or to a com- 
plete oxidative destruction of the or- 
ganisms soon had to be abandoned be- 
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cause of the small concentrations of 
hypochlorous acid required and because 
of the failure of other oxidizing agents 
to work similarly. It was apparent that 
there was some selective attack on a 
vital and highly sensitive portion of 
the cell, but no one knew what this 
might be. The researches of Green 
(2) and his coworkers at Columbia 
University have now provided a satis- 
factory solution. According to Green, 
the death of the organism results from 
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Fic. 1. Length of Survival of Esch. coli 
a chemical reaction of HOC! with an 
enzyme system in the cell that is es- 
sential for the metabolic functioning of 
the organism. The enzyme probably 
attacked is triosephosphate dehydro- 
genase, which is found in practically 
all cells and is essential for the utiliza- 
tion of glucose. Attack on other en- 
zymes is not excluded, but triosephos- 
phate dehydrogenase was found to be 
especially sensitive to oxidizing chlo- 
rine. 
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The reaction was presumed to 


Jour. AWW¢ 
take place with — SH groups of th 
enzyme, which are oxidized by th 
chlorine. This theory provides an ey. 
planation of the extreme Sensitivity ¢j 
organisms to chlorine, since enzyme 
are present in cells in very minut 
quantities and yet are absolutely ¢. 
sential as catalysts for metabolic ae. 
tivity. 

These ideas do not, however, fyr. 
nish a complete answer to the problem 
of chlorine disinfection, for, when the 
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enzymes are removed from the ceél 
they are equally susceptible to attack 
by many oxidizing agents, such a 
and KMnO,, whereas chlorir 
is markedly superior in its attack on ip 
tact cells. The difference can be & 
plained on the basis that, for the @ 
tact cell, not only the ability of tk 
reagent to react with the enzyme is ¢ 
concern, but also its ability to gain a 
cess to the enzyme by _penetrati 
through the cell wall. Laborator 
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studies indicate that it is this latter 
factor—the rate of diffusion of the 
active agent through the cell wall— 
which largely determines the rate of 
disinfection and the relative efficiency 
of various disinfecting materials. 
From this point of view, it is not pri- 
marily the strong oxidizing power of 
HOCI that makes it a superior disin- 
fectant, though that is essential, but 
rather its small molecular size and 
electrical neutrality. These allow it to 
pass readily through the cell membrane. 
Confirmation of this hypothesis must be 
sought in more extensive fundamental 


1 Lt 
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3 0.1 — 
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Fic. 3. Free Chlorine Requirements 


studies of the rate of kill of organisms 
by various disinfecting agents and of 
variations in the rate with changing 
conditions. 


Disinfection E fficiency 


The principal factors that affect the 
efficiency of destruction of a particular 
species of organisms are: time of con- 
tact, concentration of organisms, con- 
centration of disinfectant, temperature, 
and nature of the disinfectant. Dy- 
namic studies of all these elements 
are essential for a thorough under- 
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standing of the disinfection process. 
Up to the present, the only thorough 
studies of these factors as they relate 
to the action of chlorine solutions on 
bacteria have been made by Butter- 
field et al. (3) and by Wattie and But- 
terfield (4,5). Even their admirable 
results, which form the basis for the 
following discussion, are not entirely 
satisfactory for theoretical calculations, 
however, and it is hoped that the ex- 
treme difficulty of the experiments that 
must be conducted will not prevent fur- 
ther studies of this type with theo- 
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4. Chloramine Requirements 


Time of contact. The effect of con- 
tact time on the killing of organisms 
has generally been expressed in terms 
of Chick’s Law, which may be written 
in the form: 


Here N/JN, is the fraction of the orig- 
inal number of organisms remaining at 
time ¢t, and k is a proportionality con- 
stant. A plot of log N/N, against t 
for various times of contact should give 
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-a straight line. Figure 1, prepared of concentration of bacteria on the rate Pini 
from the data of Butterfield et al. (3) of disinfection. Butterfield (3) re. Ine 
for the destruction of Esch. coli by fers to one series of experiments with fof 
chlorine at pH 8.5 and 2°-5°C., shows an _ initial concentration of organisms fim 
that Chick’s Law does not hold for tenfold smaller than that normally em. 
_ disinfection by chlorine. Similar curves ployed and states that no significant tin 
_ are obtained at other pH values, at difference in the percentage destroyed | the 
_ other temperatures, for other species of — at various times was observed. This is | ple 
_ bacteria * and for chloramines as well — the result one would intuitively expect, }pe 
as free chlorine. but it should be checked more on s 


Linear relations are created for the — tensiyely. - 
_ results in Fig. 1 if log N/N, is plotted Concentration of disinfectant, |m 
_ against ¢* rather thant. This is shown Changes in disinfection efficiency with |th¢ 
in Fig. 2. A relation of this character at ‘ the 
be explained in two ways: (1) as cet 
~acombination of slow diffusion through ret 
he 
TABLE 4 = 
Temperature Dependence of Disinfecting Action 02 VA 
of Aqueous Chlorine and Chloramines 
rel 
pH E Ow 
cal. 0.05 t it] 
f el 
7.0 | 8,200 | 1.65 
Aqueons 8.5 6,400 1.42 0.02 | 
Chlorine 9.8 | 12,000 | 2.13 3 / iec 
10.7 | 15,000 | 2.50 | is 
7.0 12,000 2.08 ones 
Chloramines 8.5 14,000 2.28 ; | 
95 | 20,000 | 3.35 
0.002 th 
ten 
the cell wall and a rate of killing de- 0.001 twe 
pendent upon the concentration of dis- 5 6 7 8 9 0 NB Jog, 
infecting material inside the cell; (2 
(2) Fic. 5. Relative Disinfecting Efficiency of 
on the assumption that there are three HOCI and OCI on 
to four active centers in the organism call 


and that the organism is not dead until concentration of the disinfectant can {sta 
all of these centers have been destroyed be expressed mathematically by the |\I 


(6). Further studies are needed to equation: ts 
clarify these points. C4=h (11) |the 
Concentration of organisms. Virtue 


ally nothing is known about the effect !n this equation, C represents the con- 

* There are some exceptions to the gen- centration of disinfectant, t represents 
eral failure to obey Chick’s Law. For ex- the time required for a constant per- 
ample, destruction of Shigella dysenteriae by centage of the organisms to be de- |\Vaq 
chloramines below pH 8 follows the law stroyed and n is a constant which may |tiot 


quite closely. Exploration of the reasons for I lled tl trati ot 
this might yield information of considerable eh Callec 1e Contes ration exponss - fam 
High values of m indicate that the dis- [Bw 
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‘nfectant decreases rapidly in effective- 
ness as it is diluted; with low values 
of n, the time of contact becomes more 
important than the dosage. 

Values of m are determined by plot- 
ting log C against log ¢ and measuring 
the slope of the lines. A series of such 
plots, using the times required for 99 
ser cent of the bacteria to be killed, 
s shown in Fig. 3 for free chlorine 
solutions. A similar series for chlora- 
mines appears in Fig. 4, except that 
the times are for 50 per cent kills of 
the bacteria, sufficient data for 99 per 
cent kills not being available. No theo- 
retical significance can be attached to 
the values of n obtained; the equation 


ell wall or the rate of reaction with an 
enzyme determines the rate of disin- 
fection, its variation with temperature 
is best expressed by the equation : 
ty E(T2—T;) 
log 
to 
The symbols T, and T, stand for two 
temperatures (in degrees Kelvin) be- 
tween which the rates are being com- 
pared; ¢, and ¢, are the times required 
ior equal percentages of kill at a fixed 
concentration of disinfectant; and E, 
called the activation energy, is a con- 
stant characteristic of the reaction. 
When 7, — T, = 10, the ratio t,/t, is 
frequently called O,,. For studies in 
the vicinity of 20°C., O,, is approxi- 
mately related to E by the formula: 


log 


39,000 
Values of E and Q,, for the destruc- 
tion of Esch. coli by chlorine and chlor- 
amines, computed from the work of 
Butterfield et al. (3), appear in Table 4. 
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Nature of disinfectant. Figure 3 
shows that the disinfection efficiency of 
chlorine decreases markedly with an 
increase in pH. This can be accounted 
for by postulating that HOC is a far 
stronger disinfectant than OCI-, since 
the percentage of the free chlorine in 
the solution in the form of HOCI de- 
creases very rapidly with increasing 
pH, as shown previously. By assum 
ing an additive disinfecting efficiency 
for HOC! and OCT, one can calculate 
a theoretical curve for the total amount 
of free chlorine required to produce a 
given percentage of kill in a specified 
time at various pH values. The equa- 
tion employed is: a7 


itself is without theoretical foundation K potiy., 

and is just an expression for the cor- tay aL eye: 

relation of data. (14) 
Temperature of disinfection. If 1+ 

either the rate of diffusion through the (H*) 


in which FR is the required total chlo- 
rine, A is the concentration of HOC! 
alone required to produce the desired 
percentage of kill and B is the ratio of 
the efficiency of OCI ion to that of 
HOCI. In Fig. 5, the observed con- 
centrations of aqueous chlorine re- 
quired to kill 99 per cent of Esch. coli in 
30 minutes at 2°-5°C. have been plot- 
ted against the pH and fitted with a 
theoretical curve whose equation, cor- 


responding to Eq. 14, is: <n 
2.2 10-* 
R= 0.005" 
(H*) 


The value of B used, 0.012, indicates 
that the OCT ion possesses about 1 /80 
of the disinfecting efficiency of HOC! 
under the stated conditions. 

Since Fig. 5 shows that at pH 7 and 
8.5 essentially the whole disinfecting ac- 
tion is due to HOCI, whereas at pH 
10.7 it is chiefly due to OCI, the char- 


| 
{ 
¢ 4 
icy of 
t can | 
the | 
(11) 
con- 
‘sents 
per- 4 
de- 
Pa. 


1060 


acteristic constants obtained at these 
pH values may be identified with the 
disinfecting process for the correspond- 
ing species. Thus the values n = 1.4 
and E = 7,000 calories are connected 
with disinfection by HOCI, while the 
values n =0.8 and E = 15,000 cal. re- 
fer to the reaction of OCI. It is of in- 
terest to note that the value of E = 
7,000 for the action of HOC is in the 
range of activation energies for diffu- 
sion, whereas the value of E= 
15,000 for the action of OCI- is more 
characteristic of a chemical reaction. 
Perhaps, therefore, the rate-determin- 
ing processes are different for these 
two substances. 

A plot similar to that in Fig. 5 might 
be made for the chloramines, but the 
data are so scanty, and reliable values 
for the chloramine equilibria are so re- 
cent, that this has not yet been done. 
However, the manner in which the dis- 
infecting efficiency of chloramine solu- 
tions decreases with increasing pH (see 
Fig. 4) indicates qualitatively that 
NH.Cl, which is favored at the high 
pH values, is a less efficient disinfect- 
ant than NHCI,. In addition, a tenta- 
tive quantitative evaluation of the rate 
of change with pH suggests that the 
entire disinfecting action in the solu- 
tions studied may have been due to 
NHC, and that NH,Cl may be so 
weak a disinfectant that its influence 


was not felt. = 


The biological reactions of chlorine 
have been illustrated in this paper for 
but a single organism, Esch. coli, a 
“type organism of water contamina- 
tion” rather than a water-borne patho- 
gen. The pathogenic organisms that 
should be considered in connection with 
water chlorination include: (1) the 
enteric vegetative bacteria (Eberthella, 


Effects on Other Organisms 


G. M. FAIR ET AL. 
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Shigella, Salmonella and Vibrio sp}. 


cies) ; (2) intestinal protozoa, the mog 
important representative of which ; 
Entameba histolytica; (3) worms, such 
as the blood flukes (Schistosoma spe. 


cies); and (4) viruses—for example}. 


the virus of infectious hepatitis. 
Each of these groups of organisms 


differs in its reaction to chlorine, ang)’ 
there is considerable variation, too, in|! 
the behavior of the different species}! 
within the individual groups. There js} "¢ 


some evidence, furthermore, that the 
comparative reaction of different organ. 


isms to one form of chlorine is no}, 
necessarily maintained relative to other] ” 


forms. 

Much research will have to be done 
before the pattern of the biological re. 
actions of significant organisms is fully 
established. Of the four groups of 
pathogenic organisms, the enteric bae- 
teria are most easily destroyed by or- 
dinary chlorination procedures, whereas 
the cysts of E. histolytica appear to be 
the most resistant (7). 


Conclusion 


A remarkable record of accomplish-|- 


ment has been established by chlorina- 


tion during the 40 years since it wa], 


first applied to a public water supply in 
America. Pride in the reduction ¢ 
water-borne typhoid fever and dys 
entery, however, must not obscure the 
need for intensifying researches int 
the chemistry and biology of wate 
chlorination. The cost of water disin 
fection, to be sure, is negligible in term 
of the savings that it has effected an 
will continue to effect in the prever 
tion of sickness, suffering and deat! 
The total annual expenditure for chi 
rine as a water disinfectant and tt 
significance in the prevention of water 
borne disease are sufficiently large 
however, to warrant the cost of all the 
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Editor’s Note 


The A.W.W.A. committee which has prepared the chapter on “Chlorina- 
ion and Other Disinfection Practices” for the forthcoming Manual of Water 
Quality and Treatment has set up the terms “free available chlorine residual’ 
ind “combined available chlorine residual” to replace the terms “free chlorine” 
ind “chloramine,” respectively. The committee considers that free available 
hlorine may exist as elemental chlorine, hypochlorous acid (HOCI) or hypo- 
‘hlorite ion (OCI )—or as hypochlorous acid and either of the other two forms 
—depending on the pH of the solution. The concept of combined available 
hlorine envisages the presence of ammonia or other nitrogenous compounds 
which have the capacity to combine with chlorine (or hypochlorous acid) and 
thus modify its rate of bactericidal action. 

Based on the foregoing distinction, the committee has suggested that chlo- 
rination practices be classified as free residual chlorination and combined resid- 
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Adding Machine Co., 


HE progress in the mechanization 

of public utility billing and ac- 
counting during the last thirty years 
is so closely related to the develop- 
ments in office machinery that the 
historical treatment of one necessitates 
consideration of the other. 


About sixty years ago William S. 
Surroughs, himself an accountant, in- 


vented and built the first practical 
adding machine for commercial use. 
He visualized a maximum sale of 8,000 
machines, after which the company 
could liquidate. To date more than 
2,000,000 machines have been built by 
the Burroughs Adding Machine Co., 
and the mechanization of office work is 
far from being complete. 

From 1890 to 1910 the use of add- 
ing machines was greatly expanded 
and a few courageous souls even con- 
ceived the idea of posting ledgers by 
machine. This period saw the begin- 
ning of some of the present-day ac- 
counting and statistical machines. The 
development and more widespread use 
of accounting machines at that time 
was, however, somewhat retarded by 
the almost universal suspicion of the 
loose-leaf ledger as a safe repository 
for accounting records. It remained 

World War I and a shortage of 
accountants to compel a more general 


acceptance of machine records. Given 


Accounting 
By A. Knatt 


A paper presented on May 5, 1948, at the Annual Conference, Atlantic 
Supervisor, 


Mich. 
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the opportunity to prove its indis. 
pensability, machine accounting rapidh 
forged ahead. 

During World War public utili. 
ties had to find ways of reducing the 
clerical time required to handle cus- 
tomer billing and accounting, and pre- 
sented the problem to manufacturers 
of adding and accounting machines, 
The only accounting machines then 
available were of the type used for 
posting accounts receivable and bank 
ledgers and statements. It was from 
these models that the first utility bill- 
ing and ledger-posting machines were 
developed. 

The first billing machines of the 
adding-machine type were designed to 
post only meter readings and consump- 
tion on the bills, the amounts being 
entered with rubber stamps or by pen 
and ink. Ledger accounts were posted 
by a separate operation, either with 
machines or manually. Typewriter ae- 
counting machines were also developed 
about that time for simultaneously 
writing the bills and posting the ledger 
by the use of carbon paper. 

Although these machines offered re 
lief, particularly in the large metre 
politan areas, the clerical situation was 
so acute that radical measures had to 
be taken. One of these was the elim 
nation of the customers’ ledger and the 
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substitution of a copy of the bill (now 
commonly referred to as a stub or 
office record). This saved the time 
of entering the bills in the ledger, as 
well as the time of entering the meter 
orders, and brought about the era of 
so-called bookless bookkeeping. which 
became known as_ the 
“stub plan” of customer accounting. 
Shortly after the development of 
the stub plan, another method, called 
“register sheet plan.” made its 
appearance. This was also based on 
eliminating the customers’ ledger. It 
provided for registering 20 to 40 bills 
on one sheet and was considered a 
less radical departure from orthodox 
accounting procedure than the stub 


subsequently 


the 


plan. In fact, it was patterned some- 
what after the Boston type of ledger 
then in common use in utilities. In 


succeeding vears, however, the register 
sheet plan did not approach the stub 
plan in popularity, probably because it 
lacked the flexibility of a unit record. 

With the advent of bookless book- 
keeping plans, billing became the most 
important part of customers’ account- 
ing and brought on rapid developments 
in billing machines to meet the new re- 
quirements. These developments, par- 
ticularly in the adding-machine type of 
billing machine, made possible the 
complete writing of the bills and stubs 
in one operation. This step, along 
with the cycling of meter reading and 
centralization of billing, helped further 
to relieve the clerical problems of 
utilities which adopted bookless book- 
keeping. Although bookless bookkeep- 
ing appealed to a large number of 
utilities, an equally large number pre- 
ferred the customers’ ledger, which 


brought about improvements in billing 
machines permitting the simultaneous 
writing of bills and ledgers. 


MECHANIZED BILLING 


The development of billing machines 
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has been a continuous process. The 
first Burroughs model, a duplex ma- 
chine, had a front-feed carriage and a 
repeat-print mechanism which made 
possible the writing of bills with stubs 
and the posting of the ledger—all in 
original print—in one continuous op- 
eration and produced a transcript of 
the bills as a by-product. Its succes- 
sor, the multiple-register machine, was 
developed in 1926 and has been fol- 
lowed by such major advances as line 
proof of readings and consumption, the 
automatic bill ejector, an increased 
number of registers, the multiple-print 
mechanism and many others. Today 
the billing machine is a highly special- 
ized product designed to write bills, 
post ledgers and supply statistical data 
as well, with greater speed and accu- 
racy and with less operator effort than 
was dreamed of when the first ma- 
chines were put into use. 
Concurrently with the development 
in billing machines many innovations in 
customers’ accounting practices were 
devised so that customers’ billing and 
accounting is now considered to be 
one of the outstanding streamlined 
operations in the accounting field. The 
basic principle of streamlining is predi- 
cated on handling a uniform volume 
of work each day and eliminating du- 
plication of effort as far as possible. 
It may not be amiss to discuss stream- 
lined operations briefly. 


Meter Reading Practices 


Probably the first and most impor- 
tant step in streamlining affects meter 
reading. Meter reading routes are 
arranged geographically so that they 
can be covered by traveling the short- 
est distance. Schedules are prepared 
in advance and provide for a uniform 
number of meters to be read daily 
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throughout the month or quarterly 
period. The schedule also provides 
for a uniform number of days between 
reading periods. Meters are read in 
even numbers, which simplifies com- 
putation and decreases the size of the 
rate charts. Meter readers compute 
the consumption on entering the read- 
ings in the meter book, which permits 
the verification of the reading when 
the consumption appears abnormal. 
The reason for abnormal consumption 
can often be determined by the meter 
reader with a resultant reduction in 
investigation orders and customer com- 
plaints. 

It is now common practice to esti- 
mate meter readings based on previous 
consumption when it is not possible 
to gain access to the meter. This 
saves the time of covering the route 
twice to pick up missed readings. The 
fact that the reading is estimated is 
indicated on the customer’s bill with 
an appropriate explanation. Most 
utilities do not estimate the reading 
for two months in succession. When 
the reading cannot be secured the sec- 
ond month by the regular meter reader. 
arrangements are made with the cus- 
tomer by telephone or letter to obtain 
an actual reading. 

Prior to billing, the meter books 
are reviewed for high and low con- 
sumption and other irregularities. In- 
vestigation orders are prepared and 
amounts of consumption which extend 
beyond the range of the rate charts 
are computed and checked. This re- 
viewing operation guards against per- 
petuating irregularities, reduces cus- 
tomers’ complaints and simplifies the 


billing work. 


Customer Accounting = 


The customer accounts and address- 
ing plates are usually maintained in 


=, 
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Jour. AW W4 
the same geographical order as the 
meter reading sheets. Each account js 
assigned a folio number which appear; 
on the meter sheet, addressing plate 
ledger account and customer index 
files. Most utilities maintain two such 
files, one of which is kept alphabet. 
cally and the other in house-numbe 
order by streets. 

After the reviewing operation, the 
meter book and the corresponding bills 
and ledger accounts (when the ledger 
plan is used) are assembled at the 
billing machine for convenient 
dling by the operator. Rate charts 
are also placed in a convenient posi- 
tion for quick reference. 

Modern billing machines are de. 
signed to write the bills and post the 
ledger accounts in one operation. As 
a by-product of billing, the machine 
produces a transcript of the bills and 
provides totals of the number of 
customers, the consumption and the 
amount by rate or revenue classes. 
The machine also checks the meter 
reader’s computation of consumption, 

There are many variations of bill 
forms in use, depending on the class 
of service rendered and the amount of 
information which it is desired to show 
on the bills. In recent years the use 
of postcard bills has greatly increased 
because of the savings in delivery 
expense. 

Following the billing operations the 
bills are proved for accuracy by one 
of several methods. A fast, simpk 
and accurate proving method—the 
“post list proof plan’”—is to figure the 
bills a second time. An_ operator 
equipped with a rate chart and a 
adding machine goes through the me 
ter book and lists the amounts corre 
sponding to the consumption. The 
total thus obtained is reconciled with 
the billing-machine total. Differences 


‘4 
- m 
Ca 
di 
pt 
CU 
| 
it | 
ine Ir 
Wi 
i th 
re 
) 
| 
1171) 


as the 
‘count js 
appears 
& plate 
r index 
WO such 
phabeti- 
‘number 


ion, the 
ing bills 
ledger 
at the 
nt han- 
charts 


nt posi- 


are 
0st the 
on. As 
machine 
ills and 
iber of 
ind the 
classes, 
meter 
mption, 
of bill 
1e class 
ount of 
to show 
the use 
creased 
lelivery 


ons the 
by one 
simple 
yd—the 
ure the 
perator 
and an 
he me- 
corre 
Th 
with 


erences 


October 1948 


are easily located by comparing the 
proof list with the billing transcript, 
both being in the same order. This 
proves that the bills have been cal- 
culated correctly and that no accounts 
have been overlooked. 

The totals obtained from the billing 
machines are used for journalizing the 
revenue and for setting up controls 
over groups of accounts. Controls 
may be established by meter books, 
or a group of meter books may be 
carried in one control. ; 

As payments are made during the 
day, the amounts are validated on the 
customer’s receipt. These amounts add 
into a locked total, which is balanced 
against the amount of cash in the 
drawer at the end of the day. This 
provides protection to the utility, the 
customer and the cashier. 

The cash coupons are sorted by con- 
trols and then into account sequence. 
They are next posted to the accounts 
and the totals of the postings are proved 
with the day’s total of payments and 
entered on the controls. 

Just prior to the following month’s 
billing period each control is balanced 
with the amounts remaining unpaid on 
the customer accounts. This method 
is commonly referred to as cycle bal- 
ancing and is designed to eliminate 
end-of-month balancing peaks. 

It will readily be seen that stream- 
lined customer billing and accounting 
will permit a uniform flow of work 
throughout the month, with a resultant 
reduction in the idle time which would 
exist if personnel had to be provided 
to handle periodic or end-of-month 
peaks. 

The era of expansion following 
World War I developed the need for 
up-to-date statistics on operating costs, 
inventories and plant construction costs 
to assist management in planning for 
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the future. 


More recently, with the 
advent of social security and withhold- 
ing taxes, unemployment insurance, 
and reports to federal and local gov- 
ernmental bodies, the statistical burden 


has increased still more. These re- 
quirements have brought about changes 
in handling the major divisions of gen- 
eral accounting, such as material and 
supplies ; labor, including payrolls, pay- 
checks and employees’ earnings rec- 
ords; equipment accounting ; accounts 
payable; summarizing distribution me- 
dia; and posting to operating, work 
order, subsidiary and general ledgers. 

The development of machines for 
handling general accounting has kept 
pace with the development of billing 
machines. Although machines have 
been successfully applied to all the 
major divisions of this work in many 
utility companies and municipal utility 
departments, they have not been ac- 
cepted as widely as in customer billing 
and accounting. The general account- 
ing field, therefore, offers great possi- 
bilities for mechanization and a result- 
ant reduction in accounting expense. 

Considerable progress has also been 
made by manufacturers of auxiliary 
equipment and office supplies, such as 
forms, ledger trays, binders, filing 
equipment, addressing machines, sort 
ing and reproducing devices, summa- 
rizing boards and the like, which have 
greatly contributed to the successful 
application of machines to the billing 
and accounting work and have helped 
to lighten the burden of processing 
masses of figures. 


Future Developments = 


Past developments in machines and 
offices practices appear to be a good 
criterion of what can be expected in 
the future. 
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World War II, with its extremely 
heavy demand on the manufacturing 
and public service facilities of the coun- 
try, demonstrated the need for ade- 
quate production control. Many a 
manufacturer vividly remembers the 
headaches of procuring materials and 
scheduling the processing of parts so 
that they could be assembled into the 
end-product with the least possible 
delay. The need for adequate inven- 
tory control and accurate, up-to-date 
cost figures will also be recalled. 

There is every reason to believe that 
the necessity for accounting and cal- 
culating machines will continue to in- 
crease. The cost of labor is high and 
all studies indicate that office costs 
will continue to rise for some time. 
Likewise, it should not be forgotten 
that office personnel is now rated 
hourly, and there is a greater need 
to think in terms of production ob- 
tained for this hourly rate. The 40- 
hour week and overtime pay have em- 
phasized the value of eliminating peaks 
and finishing today’s job today. The 
time has passed when business can 
afford to employ a pair of hands and 
permit them to function purely on a 
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manual basis. Management must place 
tools in those hands which will jp. 
crease their productivity. In order tp 
do this, the office must be furthe; 
mechanized. The elements of time and 
cost are too great to approach thi 
problem in any other way. 

To meet this situation, laboraton 
research is being carried on in several 
fields—notably powder  metal- 
lurgy, plastics, electronics and _ the 
wider use of light metals. In addition, 
research projects have been established 
under Burroughs sponsorship outside 
its own laboratories studies in 
scientific fields having a_ possible ap- 
plication to business-machine design, 
Particular emphasis is being placed on 
the further development of electronic 
circuits high-speed calculations, 
Investigations have already shown that 
definite possibilities exist for utilizing 
electronics in the general processing 
of figures, especially on distribution 
jobs. Developments in this new elec- 
tronic field may not come tomorrow 
or next year, but it is likely that com- 
mercial applications will be developed 
in the near future. 
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HE “Survey of Operating Data for 
Water Works in 1945,” published 
as an A.W.W.A. report (1), included 
a mass of information on production, 
consumption, physical characteristics 
and financial conditions pertaining to a 
number of American water works sys- 
tems. It has occurred to the authors 
that the very bulk of the published sur- 
vey would preclude the drawing of con- 
clusions from it without detailed analy- 
sis. Because of the diversity, amount 
and usefulness of the results of such 
an analysis, a study was undertaken 
to determine the usual values, trend, 
spread and possible interrelation of 
these data. It is hoped that the results 
of this analysis will be of benefit to 
water works men in a number of ways. 
Every superintendent and operator likes 
to know how his system compares 
with the usual national values, and 
with cities having characteristics sim- 
ilar to his own. The possible value of 
this type of information in public rela- 
tions work is suggested. To engineers 
engaged in some of the many phases 
of the water industry, the statistical 
data should also be of interest. 
The original information was ob- 
tained through a questionnaire sent by 


by G. J. Schroepfer, 


Prof. of San. Eng., Unw. of 
Seidel, Instructors in Civ. Eng., eas) 


the Association to 975 water properties, 
of whom 462 replied. These returns 
did not always provide all of the in- 
formation requested ; furthermore, the 
number of values in some classifications 
was insufficient to permit a complete 
statistical analysis. As stated in the 
A.W.W.A. report, there are certain 
limitations on the accuracy and com- 
pleteness of the data. In this paper, 
the data are analyzed as presented with- 
out any attempt at interpretation or 
elimination. 

The cities represented included those 
having a population of 10,000 up to 6,- 
775,000 (one community with a popu- 
lation of approximately 1,000 has not 
been considered in this analysis). It 
should be pointed out that the total 
number of communities in the United 
States within this range of population 
was 1,077 in 1940. Almost all of the 
larger communities (over 100,000 pop- 
ulation) are included. 


Scope of Study 

This analysis is divided into three 
parts: (1) production and sales, (2) 
physical data and (3) financial data. 
In each of these parts several items are 
included. In the first section, produc- 
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amount of water used. 


tion is studied by population groups, by 
geographical location and in terms of 
rates; sales are analyzed by population 
groups and per cent of production sold ; 
and finally a study of private supplies 
by population groups and regions is 
included. In the second section, the 
physical data of the system, such as the 
number of miles of main and the distri- 
bution of hydrants and valves, are ana- 
lyzed. The third section, on financial 
data, covers book value, operation and 
maintenance cost, and revenue per cap- 
ita in relation to population, production 
and source of supply. Rates are ana- 
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Population 


10,000— 25,000 
25,000— 50,000 
50,000-100,000 
100,000—250,000 
250,000-500,000 

over 500,000 


‘It would be well to point out here 
that the data on production and sales 
were sometimes given as fairly rough 
approximations and that the great ma- 
jority of the population estimates were 
reported in round numbers only. The 
same is true of some of the other items 
in the survey. As a consequence, the 


Production, by Population Groups « a 
Per Capita Production—gpd. 
Pop. No. of 
Group Cases j 
Min Max Mean ist Q.t Median 3rd QO.t Mode 
1 148 33.5 366.7 123 77 106 144 85 
2 96 43.7 546.4 | 128 83 109 141 85 
3 66 43.0 394.4 119 81 99 145 85 
4 45 66.6 333.8 126 98 | 113 132 110 
5 21 63.2 172.2 117 96 =| 115 140 100 
6 Ze 89.5 244.5 145 120 145 166 160 
uUs* | 398 33.5 546.4 125 85 | 110 145 100 


* Includes Groups 1-6. 

+ First Quartile. 

¢ Third Quartile. 

production and 
Also included 

is a financial comparison of public and 

private supplies. 

In the analysis of the various data, 

_ it was necessary to empl6y population 

groups. United States Census Bu- 

reau groupings were used, except that 

all communities with a population of 

over 500,000 were considered as one 

groups and per cent of production sold ; 

group because of the small number of 

cities involved. The Census Bureau 

as modified in this paper, 


lyzed by population, 


groups, 


are: 


analysis can be no more accurate than 
the basic data used and should be in- 
terpreted in that light. 


Statistical Procedure 

Various statistical procedures were 
employed in the analysis of the data 
Most of these were eliminated in the 
preparation of the final version.of this 
paper because of the amount and type 
of data and the use to which the analy- 
sis might be put. This study is there- 
fore reduced to the preparation of fre- 
quency curves and the calculation of 
the mode, mean, median and quartiles 
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when the data are sufficient for such 
determinations. For the benefit of the 
reader unfamiliar with statistical termi- 
nology, a brief statement of the signifi- 
cance of some common terms Is pre- 
sented. 

Frequency curve. A frequency curve 
is usually obtained by arranging the 
numerical data according to size. To 
draw such a curve, ranges or class in- 
tervals are used which are plotted on a 
horizontal axis (abscissa), while the 


TABLE2 
Production, by Public and Private Supplies 
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in the study concerned, thus their name 
of frequency or distribution curve. 

Mean. The mean represents the 
arithmetic mean or average of all the 
values concerned. It is the most widely 
known and used statistical device, es- 
pecially because of the ease of compu- 
tation. By definition it is obtained by 
dividing the sum of all the data by the 
number of items concerned. 

Median. The median is the value of 
the middle item when the items are 


72 


Public Private 
Mean Median Mean Median 
No. of Cases No. of Cases 3 7 
gpd. per capita gpd. per capita 
1 ~ 141 123 106 7 122 105 
2 90 128 108 6 133 115 
3 58 120 100 Ss 112 97 
4 38 130 115 7 105 103 an 
5 16 120 120 5 107 97 
6 21 145 148 135 _ 135 
Per Capita Production—gpd. 
Ownership | of 
Min. | Max. | Mean Ist Q. Median 3rd Q. Mode ; 
Public 364 33.5 | 5464 | 126 84 111 145 100 a 
Private 34 57.6 | 265.7 | 117 92 103 135 ~~ 


number of cases occurring in each class 
is plotted vertically (ordinate). 
Another type of frequency curve can 
be obtained when the percentage of 
cases above (or below) a certain value 
is plotted as the abscissa, and the mag- 
nitude of the item under consideration 
is plotted as the ordinate. The curve 
obtained is called a distribution curve. 
Illustrative examples of both frequency 
(Fig. 1) and distribution curves (Fig. 
2) are presented. These curves show 
how frequently a certain value occurs 


arranged according to size. It is thus 
an average of position, and its value is 
such that 50 per cent of the values in a 
mass of data under consideration are 
greater and 50 per cent are smaller 
than the median value. It can be calcu- 
lated by grouping the data according to 
size and then determining the middle 
item. When a large mass of data is to 
be analyzed, as in this paper, the me- 
dian can be calculated mathematically. 
For this purpose, however, it should 
be remembered that the median value — 
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represents the mid-point of the distri- 
bution curve. 

The advantage of using the median 
value is that it is easily calculated and 
;; not distorted in value by unusual 
tems. It is more typical than the mean 
of the series of data considered because 
of its independence of unusual values. 
On account of its greater significance 
n many problems, the median should 
4nd more frequent use in the water 
works field than it does at present. 

Quartiles. Just as the median di- 
vides the distribution into two parts, 
the quartiles divide the distribution into 


sents the maximum or most frequent 
value on them. The mode is also an 
average of position and is the most 
usual or typical value, and thus the 
most descriptive average. However, 
the mode can only be approximate and, 
as previously stated, it is significant 
only when a large number of data is 
available. 

The results of the study are reported 
in tables and diagrams. The type of 
diagram that appeared to be the best 
illustration for this kind of study is a 
modified version of the common bar 
graph, which is well suited to show- 


Production, by Geographic Regi 43 


Per Capita Production—gpd. 
Regi No. of 
egion Guess 
Min. Max. Mean ist Q. | Median | 3rd Q. Mode 

New England 44 42.2 182.7 94 70 90 114 7! 
Mid-Atlantic 76 52.0 394.4 143 94 122 170 105 : ' 
South 68 43.0 153.9 95 75 91 115 80 7 
N. East Central 86 33.5 267.1 113 85 108 135 105 ° 
N. West Central 68 51.7 308.0 110 81 99 133 94 
Mountain 17 108.2 | 301.5 202 171 188 258 177 
Pacific Coast 39 73.4 | 546.4 194 124 173 241 | 175 
Entire U.S. 398 33.5 | 546.4 125 85 110 145 100 


jour parts. The second quartile is the 
median itself. Referring again to the 
distribution curve (Fig. 2), the inter- 
juartile range (between the first and 
the third quartiles) includes the middle 
50 per cent of the data. Quartiles can 
be calculated in the same way as the 
median values and can be considered as 
ower and higher usual values. 

Mode. The mode is the most fre- 
juent or most common value, provided 
hat a sufficiently large number of items 
s available to give a smooth distribu- 
ton. When ideally smooth frequency 
furves are obtained, the mode repre- 


ing ranges, means, medians and first 
and last quartiles. General mean and 
median values for the whole group of 
data are also shown on these diagrams. 

The foregoing explanatory descrip- 
tion of statistical terminology has been 
included to promote a more general 
understanding of the data which are 
to follow, and thereby to increase its 
usefulness. 


Production and Sales 

The items analyzed in this section 
on production and sales of water in- 
clude: (1) production, gallons per day 
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per capita (Survey Table 2, Column 
10)*; (2) sales, gallons per day per 
capita (Survey Table 2, Column 11) ; 
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modal value was 100 gpd. per capitg 
The variations in production due to th 
size of the city, private ownership ¢ 
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and (3) percentage of production sold 
(Survey Table 2, Column 9). 


Production 


As recorded in Survey Table 2, 
Column 10, the annual water produc- 
tion in the 398 cities reporting ranged 
from 33.5 to 546.4 gpd. per capita. The 
mean production for all cities was 125, 
the median value was 110 and the 


* References to “survey tables” indicate 


tables in the A.W.W.A. report (1). 


the utility, and location are considere! 
below. 

, Size of city. When the data wer 
analyzed by groups according to siz 
of city (Survey Table 1, column 3),1 
consistent trend was noticeable, as in 
dicated in Fig. 3. Mean and media 
values for the first five population 
groups (10,000 to 500,000) show litt 
variation; only for cities of over 500; 
000 population are these values some 
what higher than normal. As show 
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in Fig. 3, the interquartile range is 
usually found to be much nearer the 
minimum value than the maximum. 
This indicates that the occurrences of 
unusually high production are rather 
few in number. Somewhat more com- 
plete results of the study of production 
by population groups than can be pre- 
sented in graphical form are given in 


Table 1. 


Ownership of supply. Information 
on the control or ownership of the sup- 
ply (Survey Table 1, Column 4) is ana- 
lyzed next. Of the 42 cities replying 
to the questionnaire which are served 
by privately owned water supplies, per 
capita production values were available 
for 34. Production by private supplies 
varied from 57.6 to 265.7 gpd. per 
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Mean Production, by Population Groups Within 
Geographic Regions 
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Production, by Geographic Regions 
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publicly owned supplies. The mean 
roduction was 117, the median value 
was 103 and the modal value was 98 


gpd. per capita. 


The privately owned supplies re- 
porting are located across the entire 
country but are most common in the 
East and on the Pacific Coast. For ex- 
ample, of the 42 reporting, 8 private 
supplies were located in Pennsylvania, 
5 in Connecticut and 5 in California. 


TABLE 4 = 
Mean Per Capita Production, by Population Groups Within Geographic Regions 
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and publicly owned supplies, by popu- 
lation groups, is presented in Ta- 
ble 2. 

Geographical location. One of the 
most interesting and rewarding studies 
made was an analysis of the per capita 
water production in different sections 
of the country. It was impractical to 
make a study of this type for each 
state because many were represented 
by a half dozen cities or less; instead, 


Population Group 


Region Item 
1 2 3 4 5 6 1-6 
New England Cases 19 10 7 5 2 1 44 
Mean, gpd. 83 109 85 111 98 118 94 
Mid-Atlantic Cases 31} 13 | | 10 | 3 | 76 


Mean, gpd. 145 


163 | 124 | 133 | 125 | 155 | 143 


South Cases 16 


N. East Central Cases 32 


18 15 10 8 1 68 
85 94 101 112 155 95 


24 15 8 3 4 86 
111 117 111 125 167 113 


N. West Central Cases 32 16 10 3 3 4 
Mean, gpd. 105 118 107 112 102 135 110 
Mountain Cases 7 6 3 1 0 0 17 
Mean, gpd. 233 168 205 175 202 
Pacific Coast Cases 11 10 5 s 2 3 39 


Mean, gpd. 215 


205 212 146 160 132 194 


When analyzed by population groups, 
the data indicate that the mean per 
capita production by private supplies is 


less than that by publicly owned sup-. 


plies, with the exception of the 25,000 
to 50,000 population group (see Fig. 
+). It will also be noted that the 
inean per capita production is not low- 
est for small cities but rather for those 
of intermediate size. A complete com- 
parison of production for both privately 


seven geographical regions were de- 

fined and the data from all the cities 

within a region were analyzed as a_ 
group. The regional groupings adopted . 
are those commonly used for study-_ 
ing or describing many other types of — 
data : 


1. New England—Maine, Vermont, 
New Hampshire, Massachusetts, Rhode _ 
Island, Connecticut 4 


| 
| 
|_| 
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2. Mid-Atlantic—New York, Penn- 
sylvania, New Jersey, Maryland, Del- 
aware, District of Columbia 

3. North East Central—West Vir- 
ginia, Ohio, Michigan, Indiana, Illinois 

4. North West Central—Wisconsin, 
Minnesota, Iowa, Missouri, Kansas, 


Jour. AWWA 
6. Mountain—Montana, Idaho, Wy- 
oming, Colorado, Utah, Nevada, Apj- 
zona, New Mexico 
7. Pacific Coast—Washington, 
gon, California, Hawaii. 


Although West Virginia is ordinarily 


Fic. 7. Sales, by 


Nebraska, South Dakota, North Da- 
kota 

5. South—Virginia, North Carolina, 
South Carolina, Kentucky, Tennessee, 
Georgia, Florida, Alabama, Missis- 
sippi, Louisiana, Arkansas, Oklahoma, 
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considered a Mid-Atlantic state, it is 
included in this study with the North 
East Central group because of the 
character and location of all West Vir- 
ginia cities which replied to the ques- 
tionnaire. Washington, D.C., is con- 
sidered to be in the Mid-Atlantic re- 
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gion, and Honolulu, T.H., is included 
with Pacific Coast cities. 

The differences in the production of 
water in various regions, as shown in 
Fig. 5, were striking. The mean pro- 


duction was highest (202 gpd. per cap- 
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af 


and median production for the Moun- 
tain and Pacific Coast regions was ap- 
proximately 60 per cent higher than the 
same values for the entire country. By 
contrast, per capita production in the 
South and in New England was roughly 


jae 

ek 
inn 
| 
< Fic. 8. Percentage of Production Sold, by Population Groups . 
ita) in the Mountain region. The 20 per cent lower than for the country | 


mean production in the Pacific states 
was almost as high (194 gpd.) and, 
interestingly, the range between mini- 
mum and maximum values in this area 
was the greatest for any region. 


Mean 


as a whole. Complete results of the 
study of production by geographical re-_ 
gions are presented in Table 3. 
As a method of further analysis of 
the data by geographical location, ed 
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TABLE 5 
Sales, by Groups 


Per Capita Sales—gpd. 
Pop No. of 
Group Cases 
Min Max | Mean ist Q. 
1 | 120 | 281 | 3333 | 102 59 
2 88 37.2 430.0 | 96 63 
; | 60 34.2 389.0 | 95 62 
4 40 45.4 320.0 | 97 78 
5 19 68.6 1540 | 99 82 
6 17 65.6 156.0 | 114 96 
| 
U.S 344 28.1 430.0 | 99 65 
TABLE 6 
+ Pel) 


Production Sold, Groupe 


| Production Sold——per cent 
Pop. No. of 
| | Min. | Max. Mean ist Q. Median 3rd Q Mode 
1 113 40.03 98.73 80 73 81 90 85 
2 82 31.77 98.97 79 72 82 89 82 
3 57 60.40 98.55 82 78 83 89 83 
4 | 39 52.71 99.99 85 80 87 91 88 
5 19 65.00 97.04 83 80 84 88 83 
6 | 17 48.16 | 99.99 82 80 84 92 85 
327 | 31.77 | 99.99 | 81 75 83 90 | 83 
TABLE 7 
Miles of Main by Population Groups 
Miles of Main per 1,000 Pop. 
Pop. No. of 
Min Max. Mean ist Q. Median 3rd Q. | Mode 
1 156 0.83 8.36 3.01 2.31 2.94 3.55 3.10 
2 106 0.22 7.07 2.82 2.24 2.56 3.14 2.35 
3 68 1.00 5.11 2.52 2.00 2.46 2.93 2.36 
4 45 0.86 3.54 2.18 1.58 2.26 2.59 2.31 
5 22 1.00 3.33 2.04 1.74 | 1.96 2.50 1.80 
6 21 0.74 2.44 1.69 1.26 1.57 2.24 1.40 
U.S | 418 | 0.22 | 8.36 2.67 2.01 2.50 3.13 2.41 


mean production values for the cities 
within each region were broken down 
by population groups. The results of 
this work are plotted in Fig. 6 as a fam- 


ily of bar graphs and are also presented 
in Table 4. In some regions, trends 
were apparent which were in contrast 
to the slight and inconsistent variations 
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in production with increase in size of 
city for the country as a whole. Pro- 
duction in the Mountain region 
dropped somewhat with an increase in 
size of city; production in the Pacific 
Coast region decreased very sharply 
in the larger cities. In the North East 
Central states and in the South, there 
was a consistent and considerable in- 
crease in production with increased 
population. Trends in the remaining 
three regions were similar to the trend, 
or lack of it, for the country as a whole. 


Sales 

To accompany the data on production, 
information on sales was also obtained 
and was recorded in Survey Table 2, 
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of sales for all cities (99 gpd. per cap- 
ita), the mean value for the first popu- 
lation group (10,000 to 25,000) was 
102 gpd.; the mean value was progres- 
sively lower in each of the next two 
groups, then rose to a peak of 114 gpd. 
for cities of over 500,000 population. 
Complete results of the study of sales 
by population groups are presented in 
Table 5. 

Ownership of supply. Of the 42 pri- 
vately owned supplies, per capita sales 
values were reported for 28. Sales 
ranged from 47.1 to 430.0 gpd. per 
capita. The mean sales value was 103, 
the median value was 90 and the modal 
value was 96 gpd. per capita. It will be 
noted that these values are slightly 


“46 
lb 


TABLE 
ie ay Hydrants and Valves per Mile of Main 

Number per Mile 

Cases 

Min. Max. Mean Ist Q. | Median 3rd Q. Mode 

Hydrants | 437 1.00 |, 19.21 6.75 4.82 6.55 8.44 4.34 
Valves | 345 0.14 | 33.33 | 13.08 9.31 12.09 15.41 11.43 
Column 11. For the 344 cities re- higher than corresponding values for 


porting, sales ranged from 28.1 to 430.0 
gpd. per capita. The mean sales value 
was 99, the median was 89 and the 
modal value was 75 gpd. per capita. As 
for production, the variations in sales 
due to size of.city and private owner- 
ship were analyzed. Since the rela- 
tionship between production and sales 
is fairly consistent, it was thought that 
a study of sales as affected by geograph- 
ical location would be largely repeti- 
tious. 

Size of city. When analyzed by pop- 
ulation groups, the data on sales pre- 
sented a slightly more consistent trend 
(Fig. 7) than did the data on produc- 
tion. Compared with the mean value 


all supplies, public and private. When 
it is recalled that production in private 
supplies was lower than in public sup- 
plies, the data indicate in a general way 
that privately owned supplies produce 
less water but sell more of what they 


do produce. 


Since approximately one-sixth of the 
cities reporting on production made no 
estimate of sales, and a smaller number 
of those giving sales data made no re- 
port of production, it was necessary 
to eliminate all such values from a 
study of the percentage of production 
sold. After this was done, complete 


Percentage of Production Sold 
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data (both production and sales) were 
available for 327 cities. 

Sales ranged from 31.77 to 99.99 
per cent of production. The mean 
value was 81 and the median and modal 
values were both &3 per cent. More 
than one-fifth of the values fell between 
the limits of 80 and 85 per cent, and 
only one-seventh fell below 70 per 
cent. As was done for sales, the ef- 
fect of size of city or private ownership 
on the percentage sold was studied. 

Size of city. Percentage sold values 
were analyzed first by population 
groups. Figure 8 shows the results of 
this study in two ways. The bar graph 


TABLE 9 
Source-of-Supply Groups 


Operation and Maintenance Costs, by Production Groups 


Number of Cases in 


Cases Reported 
Source of Supply a 


13. 


Fic. 


| 
| Number | per cent 


Wells 


135 | 30 

Streams 99 22 
Impounding Reservoirs 80 | 18 
Lakes 69 16 
Springs 5 1 
Combinations 58 13 
Total 446 100 


in the lower portion of the chart is 
made up of mean values of production 
and sales for the 327 cities reporting 
both. The bar graph indicates the rela- 
tive quantity of each and also the re- 
markable similarity of the trends for 
production and sales where both were 
given. The upper portion of the chart 
shows the mean percentage sold value 
for each population group and the small 
variation among them. Although pro- 
duction and sales are lower in the in- 
termediate population groups, the per- 
centage of production sold in these 
groups is higher than for all cities con- 
sidered together. Complete 


Operation and Maintenance Costs, by Population Groups 
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results of 
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the study of percentage sold, by popu- 
lation groups, are presented in Table 6. 

Ownership of supply. Of the 42 pri- 
vately owned supplies, percentage sold 
values were available for 32. Among 
these, the percentage sold varied from 
62.47 to 97.25 per cent, a much smaller 
range than for publicly owned supplies. 
The mean value was 84, the median 
value was 83 and the modal value was 
91 per cent. As indicated previously, 
privately owned supplies apparently 
sell a somewhat higher percentage of 
their production than do those publicly 


owned. 


In this section on the physical char- 
acteristics of the the data 
analyzed include: (1) miles of main 
per 1,000 population (Survey Table 2, 
Column 13) and (2) valves and hy- 
drants per mile of main (Survey Table 
2, Columns 16 and 18). 


Physical Characteristics 


systems 


Miles of Main 


The number of miles of main per 
1,000 population is studied first as a 
whole and then on a population group 
Considering all the data, 418 
communities are analyzed. Values 
range from 0.22 to 8.34 miles of main 
per 1,000 population. Mean, median 
and mode are, respectively, 2.77, 2.50 
and 2.41. On a population basis, the 
results are as shown in Table 7 and 
Fig. 9. 

It is interesting to note the regular 
decrease of the mean and median val- 
ues with the increase in the size of the 
community. For example, in commu- 
nities having a population between 
10,000 and 25,000 the mean and median 
values are respectively 3.01 and 2.94 
miles per 1,000 population. These val- 
ues decrease regularly until they reach 
1.69 and 1.57, respectively, for mean 


basis. 
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and median in cities of over 500,000 both streams and impounding reser- _ 
population. voirs were grouped under impounding 
reservoirs. The number of cities using 
Valves and Hydrants each of the five sources is shown in 
The other physical data of the sys- Table 9. 
& |} tem analyzed are the number of hy- Operation and maintenance costs and A 
= | drants and valves per mile of main. book value are compared with produc- 
~ | For hydrants, 437 cities are analyzed _ tion in addition to population and 
& | and for valves, 345 cities. The results source of supply. The monthly charge 
3 are shown in Table 8 and Fig. 10. for water used at the rate of 10,000 cu.- 
ac ; ft. per month is compared with produc- 
3 Financial Data and the for the rates 
vie The items of financial data analyzed _ of use listed in the survey are analyzed 
S £ in this section include: (1) operation by population groups. : 
< > and maintenance costs per capita (Sur- The operation and maintenance costs, 4 
a = yey Table 1, Column 12), (2) book book value, revenue, monthly rate for * 
@ <2 | value per capita (Survey Table 1, Col- the first 10,000 cu.ft. of water used, 
TABLE 10 
= —. Operation and Maintenance Costs, by Sources of Supply _ 
Per Capita Costs—$ 
Source 
Min. Max Mean Ist Q. Median 3rd Q Mode 
Streams 91 1.15 15.91 5.20 2.00 2.98 3.64 2.99 
Lake 63 1.28 6.06 3.05 2.04 2.90 3.75 1.92 
Imp. Rsvr. 72 0.82 7.12 2.86 1.98 2.93 3.44 2.43 
| Wells 124 1.16 7.66 | 2.96 2.10 2.65 3.60 2.26 
Springs 5 0.81 | 4.27 2.19 1.45 | 
3 umn 8), (3) revenue per capita (Sur- and the taxes paid, expressed as a : 
of vey Table 1, Column 10) and (4) _ percentage of revenue (Survey Table 
‘ monthly rates (Survey Table 2, Col- 2, Column 6), are analyzed for the © 
umns 2-5). privately owned water supplies listed 
: 5 Each of these four items is studied by in the survey. 
» 5 | population groups. In addition, opera- 7 
. tion and maintenance costs, book value Operation and Maintenance Costs 
. E and revenue are analyzed for five dif- The annual costs of operation and 
> ferent sources of supply. Inthe survey, maintenance in 417 communities are 
i 446 cities listed one or more sources of | analyzed. The mean value of this item 
7 supply (Survey Table 1, Column 5), for the cities studied is $3.02. The me- 
Pal including streams, lakes, impounding dian and modal values are $2.73 and 
™ reservoirs, wells and springs. No at- $2.35, respectively. The over-all range 
= | tempt was made to analyze the groups’ is $0.81 to $15.91 and the quartile 
listing combined sources of supply be- range is $2.11 to $3.66. Factors other 
cause too few cases of any one type of than source of supply, production and ; 
combination occurred. Cities listing population which have an effect on 
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Operation and Maintenance Costs, by Population Groups 
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peration and maintenance costs—such 
as the type of purification, efficiency of 
ministration and pumping require- 
ments—unfortunately are not available 
or a further analysis of these costs. 

Source of supply. Of the 446 cities 
which listed a source of supply, 33 did 
mot report operation and maintenance 
kosts per capita. This number, plus 
the 58 cities using a combination of 
kources, reduces to 355 the total num- 
her of cities capable of analysis. Based 
mn mean and median values, cities using 
urface supplies (streams and lakes) 
nave higher operation and maintenance 
osts than do cities using ground water. 
the four most common sources of 
upply, however, impounding reservoirs 


TABLE 12 


Operation end Maintenance Costs, by Production Groups 


| Per Capita Costs--$ 
Pop. | No. ot 
Group Cases 
Min Max Mean Ist Q. Median 3rd Q. Mode 
1 155 0.81 15.91 3.44 2.33 3.10 4.10 ye f 
2 106 1.28 7.12 3.09 2.28 2.93 3.64 3.12 
3 69 1.07 6.06 249 1.92 o.a0 3.24 2.45 
4 45 1.11 5.57 2.45 1.81 2.29 2.84 1.90 
5 20 1.16 4.09 2.37 | 1.78 2.20 2.57 a 
6 22 0.82 360 | 2.28 | 1.58 2.42 | 2.87 
US. 417 0.81 | 15.91 3.02 | 241 2.73 3.66 2.35 
| 


have the lowest operation and mainte- 
nance costs. Cities using streams as a 
source of supply have the highest op- 
eration and maintenance costs, followed 
by those using lakes, wells and im- 
pounding reservoirs, in that order. 
The group of cities listing springs as a 
source of supply has too few cases to 
permit any statistical analysis other 
than the computation of mean and me- 
dian values. The statistical data are 
shown in Table 10 and Fig. 11. 
Population groups. In this tabula- 
tion 417 cities are listed. Of the cities 
in the survey, 33 listed no operation and 
maintenance costs per capita. The 
statistical data are shown in Table 11 


Per Capita Costs—$ 


No. of 
gpd. Cases 
Min Max 
30- 80 79 0.81 6.14 
80-130 179 0.82 6.16 
130-180 76 1.13 8.08 
180-230 22 1.62 15.91 
230-280 16 1.35 5.80 
280-330 5 2.03 7.12 
330-400 6 1.84 4.92 
530-580 1 


Mean ist Q. Median 3rd Q. 

2.81 2.08 2.72 3.40 

2.76 2.05 2.90 3.17 

3.34 2.18 3.12 3.95 

4.52 2.75 3.95 5.35 

3.14 1.95 2.95 3.95 

4.30 2.75 

3.42 3.75 
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The mean values of operation and also decreases with increased popule 
maintenance costs tend to decrease tion, but this may be caused, in par 
with an increase in population. The _ by the relatively small number of casé 


‘ 
same ts true of the median values for all in the groups of more populous citié 
groups up to 500,000 population, where Based on median values, the operatio 
a slight increase is noted. The range and maintenance costs per capita for 
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4 
aye TABLE 13 7 
Book Value, by Sources of Supply 
: Per Capita Book Value—$ 
Source 
Min. Max Mean Ist Q. Median 3rd Q. Mode 
Streams 82 10.92 257.74 | 57.24 39.59 49.53 63.18 44.32 
pers 51 7.84 | 437.37 | 61.04 | 39.58 | 52.50 | 64.77 | 60.00 P 
Imp. Rsvr. 58 17.00 175.90 71.14 | 44.08 71.11 87.23 70.00 7 
Wells 109 11.84 109.06 | 45.49 | 32.90 43.52 55.41 44.18 _¢ 
Springs | 4 | 14.68 | 93.35 | 47.94 ; i 
Book Value, by Population Groups 
Per Capita Book Value—$ 
Group Cases 
Min | Max | Mean | Ist Q. | Median | 3rd Q | Mode 
1 122 10.92 437.37 59.76 38.75 49.65 | 67.65 | 45.15 
2 94 11.84 257.74 56.39 37.86 49.53 66.37 | 45.33 
3 61 7.84 145.83 49.05 35.45 47.33 62.00 44.76 
4 41 10.99 109.64 51.66 36.66 50.00 71.66 48.88 
5 19 20.40 125.67 57.79 42.50 53.33 80.00 47.50 
6 20 44.65 205.87 70.71 52.20 57.77 75.00 52.50 
US. 357 7.84 437.37 | 56.73 38.33 | 50.01 66.14 | 45.68 
| | 
TABLE 15 
Book Value, by Production Groups 
Per Capita Per Capita Book Value—$ 
Production No. of 
gpd. Cases 1 | 
Min. Max. | Mean | 1istQ. | Median | 3rd.Q. | Mode 
40- 90 96 7.84 437.37 48.54 31.87 44.40 56.25 45.00 
90-140 138 10.99 109.06 51.38 40.00 49.45 65.71 | 45.91 
140-190 59 10.92 205.87 61.27 42.73 56.36 69.17 | 62.67 
190-240 18 18.70 145.83 66.11 50.00 63.33 77.50 70.00 
240-290 12 36.56 210.44 95.83 45.00 65.00 135.00 
290-340 | 5 30.82 | 129.48 | 73.00 75.00 
340-400* + 24.375 =63.19 | 42.50 40.00 
540-590 1 75.79 ; 
* Enlarged to include one value of 394 gpd. per capita. 

4 
city of 300,000 population is approxi- costs were reported by 384 cities. Pro-  é 
mately 71 per cent of that for a city of | duction groups with a range of 50 gpd. a : 
20,000. per capita (see Table 12) were arbi- 

Production groups. Both production trarily chosen, except for the higher = 
figures and operation and maintenance < 


production values. Generally speaking, 
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TABLE 16 
Revenue, by Sources of Supply 
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Per Capita Revenue—$ 
Source No. of = 
Cases 
Min. Max Mean ist Q. Median 3rd Q. Mode 
Streams 92 2.19 14.22 6.32 4.55 | 6.00 7.43 5.80 
Lakes 64 2.65 9.99 5.50 4.50 5.54 6.30 5.71 
Imp. Rsvr. 69 1.37 15.86 7.02 5.00 6.42 8.50 5.80 
Wells 125 2.31 14.39 5.72 4.46 5:23 6.50 4.80 
Springs 4 3.38 5.28 | 4.40 | . 
Revenue, by Population Groups 
Per Capita Revenue—$ 
Pop. No. of 
Group Cases 
Min Max Mean Ist Q. | Median 3rd Q Mode 
— 
1 158 2.19 15.86 6.90 ae 6} | Ga 7.530 | 434 
2 104 2.92 14.22 6.13 4.71 | 5.73 7.07 | 5.69 
3 68 3.06 44,32 5.85 4.55 5.56 6.86 4.79 
4 46 1.37 10.05 5.81 4.90 5.85 6.72 | 5.81 
5 20 3.11 10.96 6.49 5.09 5.87 7.83 | 
6 22 3.42 11.52 5.72 4.42 5.24 5.74 | 
US. 418 1.37 15.86 6.10 4.63 | 5.68 7.09 | 5.25 
TABLE 18 
Rate Schedules 
Monthly Rate—$/J,000 cu.ft. 
Use No. of 
1,000 cu.ft Cases 
Min | Max | Mean | ist Q. Median 3rd Q | Mode 
1 416 018 | 10.74 | 193 | 145 | 1.88 | 2.45 | 1.63 
10 416 0.17 4.67 1.43 | 1.02 1.36 1.81 | 1.07 
100 413 0.12 2.50 0.98 0.69 0.91 1.26 0.75 
1,000 404 0.07 | 2.50 | 0.80 | 0.56 0.73 1.02 | 0.65 


the trend of mean values is toward in- 
creased per capita costs with an in- 
crease in production. The mean cost 
for the 180-230 group is the highest 
mean value for all production groups. 
_ This group also has the greatest over- 

all and quartile ranges. Median cost 


values tend to rise from the low pro- 
duction groups to the 180-230 produc- 


tion group and then decrease as pro- 
duction increases. Mean and median 
values are lowest in the 80-130 group 
The mean value in that group is 61 per 
cent of the mean for the 180-23 
group. The distribution in each pro 
duction group was such that the calew 
lation of modal values of any signif 
cance was impossible. The statistical 
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data for this analysis are shown in 


Table 12 and Fig. 13. 
Book Value 


Of the cities in the survey, 104 did 
not list book value per capita (Survey 
Table 1, Column 8). The mean book 
value per capita for the 357 cities ana- 
lyzed is $56.73. The median and modal 
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These factors, plus the fact that the 
population figures are estimated and 
that the water produced is not neces- 
sarily up to the limit of plant capacity, 
make detailed mathematical analysis 
of the data inadvisable. 

Source of supply. Of the 446 cities 
listing a source of supply, 84 did not 
report book value per capita. This 
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Fic. 19. Rate Schedules, 404 U.S. Cities * 


* Includes 18 with flat rates. 


values are $50.01 and $45.68, respec- 
tively. The over-all range is $7.84 to 
$437.37, and the quartile range is 
$38.33 to $66.14. The book values 
listed in the survey are for the entire 
water supply system with no break- 
down into distribution systems and 
purification plants. Neither is it pos- 
sible to know the depreciation or the 
type of purification, if any, provided. 


number, plus the 58 cities which listed 
a combined source of supply, reduces 
the number of cities in this analysis to 
304. The statistical data are shown in 
Table 13 and Fig. 14. Impounding 
reservoirs have the highest book value 
per capita of the five groups. Cities 
using ground water supplies have sys- 
tems of lower book value than cities 
which use surface waters. The book 
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value for a well supply, based on mean 
values, is 64 per cent of the book value 
for an impounding reservoir supply. 
The greatest over-all range in values 
occurs in the lake supply group, the 
extremes being $7.84 and $437.37. Of 


the four large groups, well supplies 
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and median book values per capita o¢ 
cur in the 50,000-100,000 populatig, 
group. Median values per capita ap, 
more or less constant for cities of uy 
to 100,000 population and then rise y 
a high value for cities larger tha 
500,000. Based on median values, th 
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have the smallest range in values, book value per capita for the 50,000 


$11.84 to $109.06. Impounding reser- 
voirs, while having the highest mean 
value, present the smallest range of the 
three surface supplies. 
Population groups. 
covers 357 cities. The 


This analysis 
lowest mean 


100,000 population group is 82 per cen 
of the value for cities of more than 500, 
000 population. One reason for the 
rise in book value with population 
that larger cities usually depend on sut 
face supplies which are more costl 
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than ground water supplies. The sta- 
tistical data are shown in Table 14 and 
Fig. 15. 

Production groups. The relation be- 
tween book value and production is 
shown in Table 15 and Fig. 16. The 
per capita production figures were clas- 


DATA ANALYSIS 


300 are somewhat unusual, and there- 
fore a trend similar to that of the more 
common values is not to be expected. 
The mean value for the 40-90 produc- 
tion group is 51 per cent of the mean 
value for the 240-290 group. The 
three highest production groups do 
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sified into eight groups of equal range. 
Based on median values, the book 
value increases with increased produc- 
tion up to the 340-400 group, at which 
point a drop occurs. The mean values 
increase up to the 290-340 group and 
then drop. Values of production above 


not include enough cases for a deter-_ 
ination of quartiles and modes. 


Revenue 

Information on revenue per capita 
is given by 418 cities in the survey. 
The mean value for those cities is 
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Rate Schedules, by Population Groups 


Monthly Rate—$/1,000 cu.ft. 
Use Pop. No. of 
1,000 cu.ft. Group Cases a 
Min. Max. Mean ist Q. Median 3rd Q. 
1 1 137 | 018 | 10.00 | 2.21 1.62 2.07 2.92 
er 2 96 0.86 3.50 1.88 1.41 1.81 2.39 
nh, 3 64 043 | 10.74 | 2.05 | 1.25 185 | 2.50 
| 4 40 0.75 3.30 1.75 1.20 | 1.81 2.75 
5 20 0.90 | 3.00 1.75 1.25 1.66 2.15 
6 17 0.68 | 2.75 1.53 1.00 1.45 2.20 
1 137 0.17 3.28 1.50 1.05 1.51 1.96 
2 96 0.40 2.93 135 | 0.94 1.31 1.68 
3 66 | 043 | 4.67 1.42 | 1.03 1.33 1.69 
4 40 0.70 2.35 1.34 | 0.93 | 1.26 1.80 
5 20 0.90 2.50 1.57 | 1.18 1.50 1.90 
6 17 0.65 | 6.75 164 | 0.92 1.21 2.15 
100 1 135 0.02 | 2.50 1.00 0.65 0.92 1.24 
z 2 93 | 0.20 | 2.06 | 0.88 0.69 0.82 0.96 
a> <, 3 66 | 0.40 1.73 0.93 | 0.70 0.85 1.17 
4 39 0.17 | 1.62 0.97 | 0.72 0.93 1.33 
5 20 0.63 1.18 | 0.88 | 1.26 1.43 
6 17 | 0.17 | 1.97 0.98 | 0.68 0.93 1.18 
1,000 1 1322 | 007 | 2.50 0.82 0.53 0.73 1.02 
2 94 | 0.10 2.01 0.71 | 0.53 | 0.66 0.82 
3 64 | 0.23 | 1.52 | 0.74 | 0.54 | 0.68 | 0.90 
+ 4 38 «| «(0.09 1.60 | 0.74 | 0.60 | 0.72 0.87 
5 19 0.40 1.58 0.84 | 0.64 0.76 1.00 
6 17 | 0.44 1.29 | 0.77 | 0.54 0.70 0.97 


$6.10, the median is $5.68 and the Source of supply. The analysis of 
mode, $5.25. Values range from $1.37. revenue by source of supply covers 354 
to $15.86, with the quartile range be- cities. Based on mean values, the rev- 
ing $4.63 to $7.09. enue is lowest for lake supplies and 


TABLE 20 


Rate Schedules, by Production Groups 


Per Capita Monthly Rate for 10,000 cu.ft.—$/1,000 cu. ft. 
Production No. of 
gpd. Cases 
Min. Max. Mean ist Q. Median 3rd Q. Mode 
30— 80 76 0.30 3.03 1.81 1.52 1.80 2.03 
80-130 167 0.17 3.28 1.45 1.14 1.40 1.81 
130-180 74 0.61 2.40 1.23 0.71 1.17 1.53 
180-230 20 0.68 4.67 | 1.29 0.78 | 1.05 1.40 
230-280 11 0.60 2.10 LZ 0.80 | 0.95 L735 
280-330 5 0.87 1.14 0.97 
330-400 6 0.46 0.91 0.77 0 80 
530-580 1 1.06 
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Fic. 22. Rate Schedules, by Population Groups 
highest for impounding reservoirs. for lakes, 86; and for wells, 82 per 


Based on median values, well supplies 
have a slightly lower revenue than lake 
supplies. Taking the median value for 
impounding reservoirs as 100 per cent, 
the median for streams is 94 per cent; 


e 


J 


cent. The mean value for springs is 
the lowest of all the five groups, but 
only four cities listed springs as a 
source, too few for the computation 
of the remaining statistical information 
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TABLE 21 


Financial Comparison of Private Systems With All U.S. 


Op. and Maint. | Book Value Revenue Taxes* 
Item Pvt. US. | Pvt. | US. Pvt. | US. Pvt 
: $ per capita | per cent 
Min. 1.30 0.81 | 30.08 7.84 | 2.65 | 1.37 5.93 
Max. 6.22 15.91 145.83 437.37 12.89 15.86 37.61 
Mean 3.48 3.02 59.76 56.73 7.66 6.10 19.14 
Ist Q. 2.22 2.11 43.97 38.33 5.73 4.63 9.28 
Median 2.68 2.73 56.30 50.01 7.29 5.68 16.65 
3rd Q. 3.90 3.66 63.65 66.14 9.44 7.09 | 25.59 
No. of Cases 30 417 | 23 | 357 32 | 418 37 


* Per cent of total revenue. 


in Table 16. Figure 17 shows the data 
for this portion of the study. 
Population groups. Based on me- 
dian values, the revenue per capita is 
quite uniform for all population groups. 
The variation in median values for 
cities of up to 500,000 population is 
$0.31, or approximately 5 per cent. 
The revenue drops slightly for cities of 
more than 500,000 population. The 
over-all variation in median values for 


The data are shown in Table 17 and 


Fig. 18. 
Rates 


Rates for water consumption of 1,000 
and 10,000 cu.ft. per month are re- 
ported by 416 cities; 413 list rates for 
100,000 cu.ft. per month; and 404, 
for 1,000,000 cu.ft. per month. Of 
these cities, 18 have flat rates. Many 
of the cities have additional charges 
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* Private utility rates are shown as charged, without deductions for taxes and the like. 


all population groups is 10.7 per cent. based on demand or meter size. Dis- 
TABLE 22 
Rate Comparison of Private Systems With All U.S.* 

Consumption—cu. ft. 
a _ 1,000 | 10,000 | 100,000 | 1,000,000 
Item 
Monthly Rate—$/1,000 cu./t. 

Pvt. | US | Pvt. US Pyt | US. | Pyt | US 
Min. £29 0.18 0.40 0.17 0.20 0.12 0.10 0.07 
Max. 3.75 10.74 3.06 4.67 2.10 | 230 2.10 2.50 
Mean 2.43 1.97 1.67 1.43 1.21 0.98 0.94 | 0.80 
ist Q. 1.95 1.45 | 1.29 1.02 0.94 0.69 0.66 0.56 
Median 2.46 1.88 | 1.60 1.36 1.21 0.91 0.83 0.73 
3rd Q. 2.90 2.45 | 2.09 1.81 | 1.50 1.26 1.10 1.02 
No. of Cases 38 «(416 | 38 416 | 37 413 35 | 404 

| 
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counts for prompt payment or penalties 
for late payment are also included by 
many cities in their rate structures. 
As in the survey, these items are not 
taken into account in the following 
analysis. 

Population groups. The rate data 
for all cities is shown in Table 18 and 
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studies. Median values run from about 
$1.90 per 1,000 cu.ft. for 1,000-cu.ft. 
consumption per month to $0.75 per 
1,000 cu.ft. for 1,000,000-cu.ft. con- 
sumption per month. Using the three- 
rate schedule recommended by the 
A.W.W.A. in 1923, the median rate for 
10,000-cu.ft. consumption per month 
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Fic. 23. Rates for 10,000-cu.ft. Consumption per Month, by Production Groups nigre 
Fig. 19. In accordance with the usual falls between the first and second steps ; 


rate structures, the rate per 1,000 cu.- 
it. of water used decreases with in- 
creased consumption. The mean and 
median rates for each population group 
are plotted against consumption in Fig. 
20 and 21 respectively. The same gen- 
eral trend shown for all cities in Fig. 
19 is evident in the population group 


the rate for 100,000 cu.ft. falls between 
the second and third steps; and the 
rate for 1,000,000-cu.it. consumption _ 

falls after the third step. These state- 
ments also hold for the recommended 
four-rate schedule, which places a 
fourth step at 3,000,000-cu.it. con- 
sumption. 


rat 


a 

= | 

000 

US. 

0.07 

2.50 

0.80 

0.56 

0.73 

1.02 
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The relation between rates and popu- 
lation is further shown in Table 19 and 
Fig. 22. The distribution of cases did 
not permit the calculation of modal val- 
ues of any significance. For a con- 
sumption of 1,000 cu.ft. per month, the 
trend is toward lower rates in the 
larger cities. The same is true for a 
consumption of 10,000 cu.ft., except in 
the 250,000-500,000 population group. 
For a 100,000-cu.ft. consumption, the 
rates are fairly uniform, with the pre- 
vious exception of the 250,000—500,- 


: 000 population group. For a 1,000,000- 


cu.ft. consumption, the rates are quite 
uniform for all population groups. In 
general, there is a trend toward a de- 
creased unit rate for large users in all 
population groups. 

Production groups. Rates for the 
first 10,000 cu.ft. of water used are 
compared with per capita production 
of water in Table 20 and Fig. 23. Both 


of these items were reported by 360 


cities. Based on median values, the use 
of water increases with a decrease in 
the cost of water to the consumer. The 
same general trend is evident for mean 
values. The mean rate for the 330- 
400 production group is 42.5 per cent 
of the mean rate—and production is 
627 per cent of the production—for 
the 30-80 group. 


Privately Owned Systems “ere 


The survey lists 43 privately owned 
water supply systems, one of which has 
a population of less than 10,000 and is 
therefore neglected in this analysis. 
The population of the other 42 cities 
ranges from 13,000 to 616,000, the 


mean being 148,285. The statistical 
analyses of operation and maintenance 
costs, book value, revenue and _ taxes 
paid for private supplies and for aj] 
United States cities listed are shown 
in Table 21; the rates for private sup- 
plies and for all cities listed are shown 
in Table 22. F 

The median per capita operation and 
maintenance costs for privately owned 
supplies are 2 per cent lower than that 
value for all cities listed. The median 
per capita book value is 13 per cent 
higher, and the median per capita rey- 
enue is 28 per cent higher, for private 
supplies than for all cities listed. If 
the median revenue for private sup- 
plies ($7.29) is reduced by the median 
value of the percentage of total revenue 
paid in taxes (16.65 per cent), a figure 
approximately equal to the median rey- 
enue for all cities listed is obtained. 

The median rates for all amounts 
of water used are lower for all of the 
cities listed than for private supplies, 
For 1,000 cu.ft. used, private supplies 
charge 31 per cent more than the me- 
dian rate for all cities listed ; for 10,000 
cu.ft., the rates for private supplies are 
18 per cent higher; for 100,000 cu.ft. 
33 per cent higher; and for 1,000,000 
cu.ft., 14 per cent higher. It should be 
noted, however, that private utility 
rates must include an amount (se 
Table 21) to cover the taxes levied or 
the utility by the various units oi 
government. 
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eneral—Section 2B-1 TT and Synthetic Resin .......... 2C+4.1 
Inspection Recorded ............ 2B-1.2 Wax-Grease Paints—Cold-Applica- 
Work to Be Itemized ........... 2B-1.3 2C-+43 
2B-1.4 Wax-Grease Paints—Hot-Applica- 


Extra Work—Section 2B-2 
Watertightness—Section 2B-3 
Responsibility—Section 2B-4 
Inspection—Section 2B-5 
Cleanliness—Section 2B-6 


2C-4.4 
Ventilation—Section 2C-5 


Cleanliness—Section 2C-6 


Inspection—Section 2C-7 


This procedural document has been prepared by a standing joint committee repre- 
senting the American Water Works Assn., the New England Water Works Assn. 


and the American Welding Society. The committee consists of: 
Sa is R. Howson, General Chairman 

H. O. Hitt E. BaiLey Byron BLACKBURN | 
L. R. Howson U. Fucer J.O. Jackson 
J. P. Scuwapa E. Hacpin H. A. Sweet 

N. T. Veatcu A. Sampson 
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This document has been prepared by 
a joint committee of the American 
Water Works Assn., the New England 
Water Works Assn. and the Ameri- 
can Welding Society. In developing 
this “Recommended Practice” docu- 
ment, covering the inspection and/or 
repair and/or repainting of elevated 
water storage tanks, standpipes and 
reservoirs, the associations make avail- 
able to their members an outline of 
methods which, in the opinion of their 
committees, may properly be followed. 

The principles which the committees 
feel that the tank * owner should fol- 
low in repairing or painting an elevated 
water tank are listed below. When the 
term “owner” is used, it may be taken 
to mean the person or corporation 
owning the works; the manager or su- 
perintendent of the water department 
or company ; the water board or com- 
mission ; the city council ; or the mayor ; 
that is, whoev er is responsible for con- 
tracts made by and on behalf of the 
water utility, whether publicly or pri- 
vately owned. 

1. The tank owner should employ a 
disinterested inspector to look over the 
metal surface inside and out, to de- 
termine the condition of the paint and 


*The word “tank” is used hereinafter 
broadly in place of the lengthy phrase “ele- 
vated steel water tanks, standpipes and/or 
steel water storage reservoirs.” 


1101 


4 


Inspecting, Repairing and Repainting Elevated 
_ Steel Water Storage Tanks, Standpipes 
and Reservoirs 


and what 

Tanks need 
but, if properly 
repairs are rarely neces- 


interior metal surfaces, 
pairs, if any, are needed. 
repainting frequently, 
maintained, 
sary. 

The owner should invite any tank 
painting or repair firm which he wishes 
to bid on a job to inspect the tank at 
the same time the inspector does, so 
that the prospective contractors- have 
full information concerning the condi- 
tions. 

3. The owner should have the tank 


drained, cleaned and: dry, ready for 
inspection, on the announced date. 
(See Part A, Sec. 2A-1.4.) 


4. The owner should draw up his 
own proposals for the work to be done 
and request bids on the work. He 
should have these proposals approved 
by his attorney. 

The tank owner should not com- 
bine proposals for repair work and 
painting in one document. He should 
always leave himself free to award 
separate contracts if he desires. 

6. The owner should not permit any 
bidder to condition one part of the op- 
erations upon another part. For ex- 
ample, the owner should not permit a 
painting contract to bear any condi- 
tions, reservations or cancellations of 
customary guarantees dependent upon 
the same bidder receiving the contract 
for repairs. 
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7. The owner should, however, in- 
clude in his proposal a provision that, 
if the contracts for repairs and for 
painting are granted to the same con- 
tractor, the contractor shall record the 
amount which he will deduct from the 
sum of the two independent bids. (The 
price for the combination job should be 
less by the stated amount than the sum 
of the same contractor’s bids for sepa- 
rate jobs.) 

8. The owner should compare all bids 
received to see whether a separate bid 
by one contractor for repair and a 
separate bid by another contractor for 
painting total less than the adjusted 
bid in 7 above. If the saving is ma- 
terial and if both the contractors are 
known to be reliable, separate con- 
tracts should be let. 

9. The owner, particularly if a mu- 
nicipal department, should arrange for 
public review of bids and for public 
letting of contracts. 

10. If the owner chooses to engage in 
letting contracts for painting and repair 
on contract forms other than his own, 
he should first submit them to his at- 
torney, asking him to study them care- 
fully to see: 


a. that no unlimited unit price 
commitments are included in the con- 
tract form; 

b. that no commitments or guaran- 
tees by the contractor are conditioned 
upon any matters not clearly and spe- 
cifically set forth in the contract ; 

c. that no obligations are incurred 
by the owner which are not specifically 
set forth in the contract; and 

d. that a clause covering possible 
extra work is included in the contract 
form and is of the same general char- 
acter and equally as specific as that in- 
cluded in Sec. 2B-2 of the “Recom- 
mended Practice for Repairs” (Part B 
of this document). 
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Referring to 10a above, it is clearly 
in the interest of equitable business 
practice that, if the owner and the con. 
tractor agree to permit or authorize 
the contractor to do some unscheduled 
repair work incidental to painting, this 
repair work should not be of such ex. 
tent as to make the painting cost minor 
by comparison. Again, upon the as. 
sumption that a tank owner may choose 
to disregard the recommendations for 
prior inspection outlined above, he cap 
properly, and should, stipulate tha 
the total of unscheduled repairs shall 
not cost more than a given amount, 
such as the total of the painting con- 
tract. 

Referring to 10b and 10c above, it js 
observed that, if extended beyond one 
year, guarantees of repair or painting 
work done involve uncertainties which 
are not necessarily in the interest of 
either the tank owner or the repair 
or painting contractor. Frequent and 
periodic inspection of a water tank is 
proper and useful, but it should not 
result in the owner’s commitment to a 
contract for work to be done at an un- 
certain future date or at a price not ar- 
rived at by proper competition. 


Since this document relates primarily 
to painting, the body of the text in- 
cludes no reference to other methods of 
protecting metal surfaces. 

The electric (cathodic) method of 
protecting the submerged area of water 
tank interiors by the use of electrodes 
suspended in the water has proven 
satisfactory under most conditions when 
properly designed, installed and main- 
tained. Cathodic protection failures 
have occurred principally in cold cli- 
mates where ice has dislodged the elec- 
trodes, or in tanks storing waters with 
wide fluctuations in alkalinity. Cath- 
odic protection, like specific paints, has 
varying applicability to various waters. 
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If contemplated for inside protection, 
the equipment should be selected only 
after technical consideration of the 
particular water to be stored. A com- 
bination of cathodic protection and 
painting of the surface ordinarily gives 
the best results. When calling for bids 
on cathodic protection systems, bid- 
ders should be asked to state the capac- 
ity of the power unit and the material, 
number and length of electrodes to be 
used. 

By the issuance ‘of this procedural 
document, it is not implied that water 
departments or companies are not, on 
their own initiative, competent to de- 
velop equitable contracts. Neither is 
it implied that any member of the as- 
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sociations involved is required to use 
the procedure herein outlined. The as- 
sociations have no power or intent to 
stipulate that a precise procedure must 
be followed in any phase of water 
works operation and maintenance. 
The associations, likewise, are not in 
a position to police the entire field of 
contractual operations of water depart- 
ments and companies. They must 
content themselves with providing for 
their members what is considered the 
best information available on any sub- 
ject which is documented. It must 
remain with the responsible executives 
in the water department or company 
to protect the interest of the commu- 
nity which they serve. 
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Section 2A-1—General 


Sec. 2A-1.1—Scope 


Every elevated steel tank, 
standpipe or reservoir should be care- 
fully inspected prior to repair and/or 
repainting and at any time when leak- 
age or some other apparent deteriora- 
tion is observed. In any event, all 
elevated water tanks should be thor- 
oughly inspected at intervals of not 
more than five years. It is the intent 
of this document to define the requisite 
qualifications of the inspecting agency, 
the type of inspection to be made and 
the data considered essential. 


water 
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Sec. 2A-1.2—Inspection Service 


Under the terms of this recom- 
mended practice document, inspection 
service shall be provided only by or- 
ganizations or individuals who are 
properly qualified to do such work. 
Those so qualified are: 


(1) An engineering organization 
whose principals are registered profes- 
sional engineers, specializing in in- 
spection service and having at least five 
years’ experience in the inspection of 
steel structures 


(2) Independent engineers, li- 


censed in the state in which the struc- 
ture is located, whose practice has in- 
cluded substantial or major attention 
to steel construction 


(3) Inspection or safety agencies 
of the state in which the structure js 
located, if such agencies are empowered 
to render inspection service and, fur- 
ther, if such inspection services involve 
the employment of personnel experi- 
enced in steel construction and mainte- 
nance, 


In all of the above classes of quali- 
fied inspection agencies, the inspector 
or inspectors assigned to the work in 
the field shall have been properly 
trained by the organization so qualified 
and shall have no interest, other than 
that of a competent inspector, in the 
performance of any work under con- 
sideration at the time the inspection is 


made 
Sec. 2A—-1.3—Responsibility 


The inspector shall assume the en- 
tire responsibility for accident to him- 
self while inspecting the structure. He 
shall make such observations of ladders, 
railings, roof rods and other parts of 
the structure as may be necessary to 
determine their safety for use by him 
in inspecting the structure. The in- 
specting company or inspector shall 
carry adequate workmen’s compensa- 
tion, property-damage and_public-lia- 
bility insurance and shall fully protect 
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the owner against claims of any nature 
arising out of the inspection work. 


Sec. 2A-1.4—Draining of Tank 


The owner, following proper notifi- 
cation, shall have the tank emptied for 
the inspector in order that the inside of 
the roof, sides and bottom of the tank 
will be properly exposed for inspection. 
The inside surfaces shall be thoroughly 
washed down by the owner, who shall 
have all slime removed from wall sur- 
faces and loose deposits and dirt re- 
moved from the tank bottom before 


the inspector arrives. This is essential. 
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Sec. 2A-1.5— Work Included 

The work included under this in- 
spection shall consist of: (1) a field ex- 
amination; and (2) a specific report 
upon the structure, using the informa- 
tion form which is a part of this 
document (Sec. 2A-2 and 2A-3) sup- 
plemental wherever necessary to fit pe- 
culiar local conditions. The inspection 
work does not include repairs, except 
that, if cotter pins or nut pins are found 
to be missing, they shall be replaced at 
once, or else a special report shall be 
made promptly to the owner so that he 
may have the pins replaced. 


Pitting Report 


Per Cent of Area 
Affected 
(approx.) 


Location (by plates 
numbered from 
root down) 


Max. Depth 
of Pitting 
Found 


bottom 


Type of Pitting Plate Thickness 
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Section 2A-2—Examination and Report 


Sec. 2A-2.1—Condition of Paint 


Under the general heading “Condi- 
tion of Paint,” give a description of 
the condition of the paint as found, 
stating : 

(1) Approximate per cent of rust 
area 

(2) Special locations of such areas, 
if segregated 

(3) Character of such rust areas— 
that is, whether general or blotchy cor- 
rosion, loose paint or none 

(4) Whether the rust can be re- 
moved by wire brushing, to provide a 


surface for 


Sec, 2A-2.2—Pitting 


Determine and report upon the ex- 


satisfactory 


tent and depth of pitting. The extent 


painting. 


should be described both as to location 
and character. The record of depth of 
pitting should be specific as to loca- 
tion, area affected, whether blotchy. 
deep, pin-point or general corrosion. 
Depth gages should be used to obtain 
specific data. Report as in Table 1. 
If plates are badly pitted, report 
whether drilling holes to determine the 
plate thickness is recommended. 7 
Sec. 2A-2.3—Type of Repairs 
Where pitting has penetrated to a 
depth indicating the necessity for re- 
pairs, the report shall so state specifi- 
cally, describing the location of such 
spots and their size. If they can be 


repaired by patches, the inspector shall 
specify the size, location and number 
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of patches. If other types of repairs 
are indicated, the inspector shall specify 
clearly the type and extent recom- 
mended. (Use the same plate refer- 
ence numbers as in Table 1.) The in- 
spector, in his report, shall inform the 


Section 2A-3—Detailed Report of Inspector 


Sec. 2A-3.1—Items to Be Reported 


In addition to the descriptive report 
outlined under Section 2A-2, the in- 
spector shall report on the details item- 
ized below. rae 


3.1.1—Anchor Bolts * 
(1) Are the anchor bolts rusted 
so as to reduce their strength materi- 
ally? If so, caliper and record the 
smallest section. Advise replacement 
if considered necessary. 
(2) Are the anchor bolt nuts 
5 
tight : 
3.1.2—Column Shoes 


(1) Are the column shoes clean 
and painted ? 

(2) Has dirt accumulated ? 

(3) Are the column shoes seri- 
ously rusted? If so, where and to 


what depth? 


3.1.3—Tower 


(1) Are the tower posts in 
line ? 

(2) Is there any indication of 
settlement in the foundations ? 

(3) Are the tower rods in good 
adjustment and well turned up? 

(4) Are the tower rods in good 
condition? If badly rusted, measure 
the smallest part and report, indicating 
rods on which reduced section occurs. 
(Advise replacement if considered nec- 
essary. ) 
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owner of all repair work which he con- 
siders necessary. The report need not 
be limited to the items specifically out- 
lined herein, but should include aj 
items of any nature which the inspector 
considers material. = 


é 


3.1.4—Cotter Pins 
(1) Examine each pin for the 
presence of cotter pins. Report the 
location of any pins not so fitted. 
(2) Where rod pins with nuts are 
used, advise if the nuts are on with full 
thread and the end of the thread is 
well battered. 


3.1.5—Riser Pipe 
(1) Is the riser pipe straight ? 
(2) Are the riser pipe stay rods 
in good condition ? 
(3) Is the frost casing in good 
condition and properly supported ? 


3.1.6—Indications of Leakage 


(1) Are there any indications of 
leakage in the riser pipe? 

(2) In the expansion joint ? 

(3) In the tank proper? Ii so, 
give the location and state the type of 
repair indicated. 


3.1.4—Ladder 
Is the ladder safe? 

3.1.8—Balcony 
(1) Is the balcony safe? 
(2) Is the balcony floor in good 
condition ? 


(3) State the amount of rust ae 
cumulated on the balcony floor. 


3.1.9—Bolts 


Are any bolts or rivets omitted or 
missing in the spliced connections @ 
the tower, struts and balcony? 
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3.1.10-—Paint 


Report on each of the following items : 

(1) The condition of the paint and 
metal of the tower 

(2) The condition of the paint and 
metal on the outside of the tank bot- 
tom, particularly underneath the bal- 
cony and post connections 

(3) The condition of the paint and 
metal outside of the tank shell 

(4) The condition of the paint and 
metal outside of the roof and under 
the eaves of the roof 5; 

(5) The condition of the paint 
and metal inside of the tank shell 
(Each sheet shall be carefully exam- 
ined, removing enough of the accumula- 
tion of scale and rust to enable the in- 
spector to report in detail the exact 
condition of the metal underneath and 
the extent of rust and pitting.) 

(6) The condition of the paint 
and metal on the inside of the roof 

(7) The condition of the spider 
and spider rods 

(8) The finial connection. (Is it 
solid and safe for the attachment of 
the painter’s trolley ?) 

(9) The condition of the paint 
and metal on the inside of the bot- 
tom 

(10) The condition of the paint 
and metal inside of the riser pipe, par- 
ticularly at the bottom. 


3.1.11—Rivets 


Wary! 


Report the condition of the rivets 
at lap joints and post connections. 


The in shall conduct all his 
work in a clean and sanitary manner. 
No one shall work in a tank if he 
has been under a physician’s care, or 
has needed a physician’s care, within a 
seven-day period prior to entering 


} 


3.1.12—Metal 


Report the condition of the metal be- 
tween the rivets at the laps and at the 
post connections. 


3.1.13—Tank Bottom 


Has the bottom of the tank deteri- 
orated because of its having been cov- 
ered with mud or scale? If so, what 
conditions are observed? Will scal- 
ing and repainting be satisfactory? Are 
repairs indicated? If so, describe in 
detail. 


3.1.14—Prior Painting 


(1) When was the tank last 
painted ? 
(2) What material was used? 


Sec. 2A-3.2—Disposition of Report 


3.2.1. Two copies of the inspection 
report shall be delivered to the owner. 

3.2.2. It is understood between the 
owner and the inspection company 
that copies of the inspection report 
may be made available by the owner 
to painting or tank repair contractors, 
to define the condition of the tank, if 
bids for repair or painting are desired. 


Sec. 2A-3.3—Payment 


Payment for the above specified serv- 
ices, including all expenses of the in- 
spector, shall be at the lump sum price 
agreed upon between the owner and 
the inspector. Payment shall be made 
within thirty days after the receipt of 
the inspection report. 


or working in the tank. No person 
shall be permitted to work in a tank 
who has an abnormal temperature or 
gives evidence of illness. The tank 
owner, or a physician employed by him, 
shall be the judge of the physical fitness 
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or unfitness of any person to enter or 
work ina tank. No deviation from this 
stipulation may be permitted. 

The tank owner, after work of any 
nature is done in a tank, is charged 
with satisfying himself that the tank 
interior is clean and sanitary before 
the tank is returned to service. Al- 
though a contractor may be required 
by his contract to clean all surfaces 
thoroughly before a tank is restored to 


very tank repair job should be pre- 
ceded by a detailed inspection of the 
structure and a report by a competent 
Part A of this document 
deals with inspection. Only from such 
an inspection is it possible for the tank 
owner to determine the character and 
Without 
such a determination, it is impossible 
to define the repair work to be done 
so that prospective bidders can estimate 


inspector. 


extent of the repairs needed. 


Section 2B—1—General 


Sec. 2B-1.1—Work to Be Done 


The specifications and contract shall 
cover all repair work to be done and all 
compensation to be paid or received 
therefor. There shall be no other 


agreements relating either to the work 
or to compensation. 
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service, it is the ultimate responsibility 
of the tank owner either to give the 
tank a final field inspection or to re- 
quire such laboratory tests of the 
quality of water held (for test pur- 
poses) in the tank as will demonstrate 
the good sanitary condition of the tank 
interior. (See the note on disinfection 


procedure at the end of Part C of this 


7H.2-T 


document. ) 
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Tentative Recommended Practice for 


Repairing Elevated Steel Water Storage Tanks, 
Standpipes and Reservoirs 
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Introduction 


the cost of the repairs and submit eco- 
nomical proposal therefor. 

The owner, using the inspector’s re- 
port as a basis, shall define and list the 
repairs to be made. Bids should be 
made on a fixed-price basis. 

It is recognized that specifications for 
repair work must necessarily be rather 
general, but the following is recom- 
mended as likely to secure good work 
from responsible bidders at reasonable 


and definite cost. 


Sec. 2B-1.2—Inspection Recorded 


The owner shall advise that he has 
had the structure inspected (naming the 
inspector) and that a copy of the in- 
spection report is available. The bid- 
ders shall familiarize themselves with 
the report and the conditions of the 
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structure, and, upon request to the 
owner, may make such further inspec- 
tion as they consider necessary, prior 
to submitting proposals. 


Sec. 2B—-1.3—Work to Be Itemized 


The owner shall itemize repair work 
by units, such as the number of patch 
plates to be w elded to the structure and 
their average area; the lineal feet of 
welding to make the seams watertight ; 
the spider rods to be replaced ; the new 


roof or parts to be replaced, and so 


forth.* 

It is recommended that, in general, 
welding on tank plates to replace im- 
paired thickness be limited to filling 
of pits; and that extensive welding 
over the surfaces of plates or of riv- 


Section 2B-2—Extra Work 


No payment shall be made for any 
work other than the lump sum amount 
bid by the contractor, except upon 
written order of the owner or his au- 
thorized representative, prior to the be- 
ginning of the work for which extra 
compensation is to be requested. When 
extra work is so authorized, compen- 
sation therefor shall consist of actual 
wages paid to labor thereon; plus the 
actual cost of materials used in the ex- 


* Rivets—For a great many years, 
it was the custom for tank manufac- 
turers to drive tank rivets with flat 
heads on the inside. After a number 
of years, a flat-head rivet, which may 
have rusted to some extent, appears to 
have lost the major portion of its head, 
when, in reality, only a small part has 
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eted seams be carefully considered and 
used only where replacement will not 
be practicable. All welding performed 
in the replacement of plates or broken 
parts, or for other repairs, shall be 
performed in accordance with the weld- 
ing provisions given in A.W.W.A.- 
N.E.W.W.A.-A.W.S. Standard Speci- 
fications for Elevated Steel Water 
Tanks, Standpipes Reservoirs 


(7H.1-1943 ). 


Sec. 2B-1.4—Lump Sum Bids is 


Bids shall be on a lump sum 
including all the contractor's 
such as transportation, labor, 
equipment, insurance, delays or other 
costs of any nature growing out of the 
repair work above defined. 


basis, 
costs, 
tools, 


tra work; plus an allowance equal to 
25 per cent of the sum of this labor and 
material cost, percentage shall 
be the only amount to be paid in ad- 
No 


delays, 


which 


dition to said costs. claim for 


equipment rentals, insurance 
and similar items shall be made or al- 
lowed. All such items are embraced in 
the 25 per cent to be allowed as stated 


above. 


disappeared and the rivet has many 
years of life left. As rivets do their 
work in shear and as there is very little 
tension force on a rivet, the head can 
rust nearly away before replacement is 
necessary. As long as a rivet stays 
tight in its hole, it fulfills its gol 
and does not have to be replaced. 


| 

.2-T 
xs, 
| 
| 
= 

| 


1110 


A.W.W.A. RECOMMENDED PRACTICE 
‘ 


= 


Jour. 


Section 2B-3—Watertightness 


All work shall be done by experi- 


enced workmen, using equipment best 


adapted to the work. Upon completion 
of the repair work, the structures shall 


be watertight. Repair work shal 
he neatly done. Payment for repair 
work shall not be made until and up. 
less the job is watertight. wa 


Section 2B—4—Responsibility 


The contractor shall carry adequate 
insurance—property, public and em- 
ployers’ liability—and shall protect the 


Section 2B-5—Inspection 


The owner shall inspect the repair 
work as it is being done or employ an 
inspector to do so. Payment for work 
done shall be made only after the owner 
has satisfied himself directly that the 
work is satisfactory; or after an in- 
spector’s report has been filed with the 

The contractor and all workmen em- 
ployed by him shall conduct all opera- 
tions in a clean and sanitary manner. 
No nuisance shall be committed in a 
tank; the workmen shall either use 
proper waste receptacles or leave the 
tank whenever necessity arises. 

No one shall work in a tank if he 
has been under a physician’s care, or 
has needed a physician’s care, within 
a seven-day period prior to entering or 
working in the tank. No person shall 
be permitted to work in a tank who has 
an abnormal temperature or gives evi- 
dence of illness. The tank owner, or a 
physician employed by him, shall be the 
judge of the physical fitness or unfit- 
ness of any person to enter or work in 


owner against suits of any nature 
which may arise out of work performed 


by the contractor, 
ate 
wi 4 


owner certifying that the work has bee 
done properly and in accordance with 
the terms of the contract. 

It is in the mutual interest of the 
owner and the contractor that such in- 


spection be made promptly. 


Section 2B—6—Cleanliness 


a tank. No deviation from this stipula- 
tion may be permitted. 

The tank owner, after work of any 
nature is done in a tank, is charged 
with satisfying himself that the tank 
interior is clean and sanitary before the 
tank is returned to service. Although 
a contractor may be required by his 
contract to clean all repairs thorough 
before a tank is restored to service, it 
is the ultimate responsibility of the tank 
owner either to give the tank a final field 
inspection or to require such laboratory 
tests of the quality of water held (for 
test purposes) in the tank as will dem- 
onstrate the good sanitary condition o 
the tank interior. (See the note on 
disinfection procedure at the end o 
Part C of this document.) =e 
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- STORAGE TANK INSPECTION, REPAIR AND REPAINTING 


Part C 


Tentative Recommended Practice for 


Repainting Elevated Steel Water Storage Tanks, 


Section 2C-1—General 


Sec. 2C-1.1—Repairs Not Included 


Painting contracts shall cover no re- 
pair work. No payments for repair 
work shall be made under painting 
contracts. 


Sec. 2C-1.2—Damage to Tank 


The painting contractor shall use 
care in his work not to injure the tank 
in any way. He shall use no hammer 
on the tank in excess of 3 Ib. in weight. 
If, in the process of removing old 
paint or carrying out the work speci- 
fied in the contract, any leaks develop, 
they shall be repaired by the painting 
contractor without additional remun- 
eration; or, if the owner so elects, by 
another contractor to be employed and 
paid by the owner. In the latter case, 
it is expressly understood that the 
painting contractor shall not claim, nor 
shall the owner be liable, for costs re- 
sulting from the delay in having the 
repair work done, but the owner shall 
use diligence in having the repair work 
done promptly. 


Sec. 2C-1.3—-Work to Be Done 


The contractor shall commit himself 
to furnish all labor, machinery, tools, 
rigging, brushes and all cleaning and 
painting materials necessary to clean 
and paint the structure in strict con- 


Standpipes and Reservoirs 


formity with the requirements of the 
specifications. 


Sec. 2C-1.4—Inspection Recorded 


The owner shall state that he has had 
the structure inspected, naming the in- 
spector. The inspector’s report on the 
condition of the structure shall be made 
available to bidders. The owner, upon 
request, may given prospective bidders 
ample opportunity to conduct their own 
inspection in order to verify the inspec- 
tion covered by the report. 


Sec. 2C-1.5—Lump Sum Bids 


3ids shall be on a lump sum basis, 
including all the contractor’s costs, 
such as transportation, labor, tools, 
equipment, materials, insurance, de- 
lays or other costs of any nature grow- 
ing out of the painting work above 
defined. 


Sec. 2C-1.6—Extra Work 


No payment shall be made for any 
work other than the lump sum amount 
bid by the contractor, except upon 
written order of the owner or his au- 
thorized representative, prior to the be- 
ginning of the work for which extra 
compensation is to be requested. When 
extra work is so authorized, compensa- 
tion therefor shall consist of the ac- 
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tual wages paid to labor thereon; plus 
the actual cost of materials used in the 
extra work; plus an allowance equal 
to 25 per cent of the sum of this labor 
and material which percentage 
shall be the only amount to be paid in 


cost, 


- 
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addition to said costs. No claim for 
equipment rentals, delays, insurance 
and similar items shall be made or aj. 
lowed. All such items are embraced jp 
the 25 per cent to be allowed as stated 


— 


Section 2C-2—Preparation of Surfaces 


Shot blasting, sand blasting, power- 
driven scaling tools, flame cleaning and 
brush cleaning are methods commonly 
used for cleaning steel surfaces prior 
to repainting. The first three are pre- 
ferred on account of their superior re- 
sults, particularly in cleaning the rust, 
corrosion and old paint out of pits. 


Sec. 2C-2.1—Brush Cleaning 


If the old paint is in good condition, 
adheres tightly to the steel and is hard 
and not too thick, it may be left on. 
All rust, loose mill scale and loose paint 


shall be removed by means of scalers 


é 


where 


or scrapers and wire brushes (prefer- 
ably power driven), emery cloth or 
sandpaper, and either air or cloth dust- 
Special care shall be used to clean 
all pits and roughened areas. In places 
rust has occurred, 
be cleaned until it is 


blisters 
shall 


or 


the steel 


bright, either by wire brushes and 


scrapers or by the use-of hand or power 
sanders. All foreign material, rust and 


loose paint shall be removed, and any 


old paint which has been allowed to re- 
main shall have a clean surface and be 


tight to the steel. 


All rust, scale and sediment collected 
inside of the tank bottom shall be en- 
tirely removed from the tank and the 
inside surfaces swept clean. In clean- 
ing elevated tanks, such rust, scale, etc., 
shall be lowered to the ground by 
acceptable means and disposed of in 


+ 
a manner satistactory to the 


owner. 
Sec, 2C-2.2—Shot- or Sand-Blasting 


When shot- or sand-blasting equip- 
ment is available, or when the condition 
of the steel is such that the methods de. 
scribed in Sec. 2C—2.1 are incapable of 
properly cleaning the steel preparatory 
to painting with red lead (and always in 
connection with the preparation of the 
surface for the application of coal-tar 
enamel coatings or for wax-grease type 
protection), all surfaces shall be 
cleaned by shot or sand blasting. The 
shot- or sand-blasting equipment shall 
have ample capacity to furnish the re- 
quired volume of compressed air to 
operate the blast effectively. The air 
shall be free of oil or moisture. If sand 
is used, it shall be principally composed 


tank 


of silica grains and shall be as coarse 
as it is practicable to use. Provision 
shall be made to prevent the spreading 
of sand to adjoining property. Steel 
grit may be used in lieu of sand at the 
option of the contractor. 

Whatever metal is cleaned by sand 
blasting on any day shall be coated with 
primer on the same day. If rust forms 
on any sand-blasted surface from any 
cause, the surface shall be recleaned, as 
necessary, before the application of 
primer. 

After cleaning, all surfaces shall be 
wiped free of any dust resulting from 
such cleaning. 
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Section 2C-3—Paint 


Before any type of primer or paint 
is applied to the steel surfaces, steps 
shall be taken, either by the circulation 
of air or by the application of heat, to 
dry the metal surface completely. 


Sec. 2C-3.1—Kind of Paint * 


It is recognized that various types 
and kinds of paint have in great meas- 
ure demonstrated their suitability for 
water works use and that no type or 
kind is universally applicable. The 
types of paint which have in general 
given the best service, and which are 
believed to represent the best practice 
at the present time, are: (1) red lead 
and oil, (2) red lead and synthetic 
resin, (3) coal-tar enamels and (4) 
wax grease. 


Sec. 2C-3.2—Lead and Oil Paint 


For repainting rough surfaces, three- 
coat work is ordinarily recommended. 
Two-coat work is satisfactory where 
surfaces are smooth and full coverage 
is practicable without “holidays.” 
Only when the old paint is in good 
condition, except for minor spots which 
can be touched up satisfactorily, is a 
single coat acceptable. 

Although red lead in linseed oil is 
still recognized as one of the best pro- 
tective coatings for steel, its use has 
largely been superseded by red lead in 
the more rapid drying water-resistant 
synthetic resin (phenolic) varnish, 
which is specified herein for interior 
use, 


* Since it has not been possible to obtain 
irom the Asphalt Institute, the Federal 
Specifications Board or the American So- 
ciety for Testing Materials a standard speci- 
fication for an asphaltic paint, such material 
is not included in this document. 
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3.2.1—Interior Paint 

If the interior surfaces have been 
previously unpainted, or if the old paint 
has been completely ‘removed and the 
surfaces have been carefully prepared, 
a minimum of three coats of paint 
should be used. Alternate coats of the 
same paint should be tinted slightly by 
the addition of a small quantity of lamp 
black or iron biue in order that full 
coverage with each application will be 
assured. 

On a previously painted surface 
where the old paint is generally in good 
condition except for minor failed areas, 
these areas should be touched up with 
two coats of the paint and the entire 
surface then given a full coat. 

All interior surfaces of the tank shall 
be painted with (or touched up with) 
paint complying with Federal Specifica- 
tions of the Bureau of Standards TT- 
P-86a, Type IV, with all subsequent 
amendments, if any. The paint shall 
set to touch in not more than one hour 
and shall dry through in less than six 
hours. 

Paint shall be delivered to the job in 
original containers marked with the 
name of the manufacturer and the type 
and quantity of materials contained 
therein. 

The paint shall not show excessive 
settling in a freshly opened full can and 
shall easily be redispersed with a paddle 
to a smooth, homogeneous state. The 
paint shall show no curdling, livering, 
caking or color separation and shall be 
free from lumps and skins. 

The paint as received shall brush 
“asily, possess good leveling properties 
and show no running or sagging tend- 
encies when applied at a spreading rate 


§ 
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of 500 sq.ft. per gallon to smooth steel 
vertical surfaces. 

The paint, when reduced with not 
more than one part by volume of min- 
eral spirits (conforming to Federal 
Specification TT-4T-291la, Grade I) to 
eight parts of the package material, 
shall spray satisfactorily, show no ten- 
dency to orange-peel, sag, creep or run, 
and show spraying properties in all 
other respects. 

The paint shall not skin within 48 
hours in a three-quarters-filled closed 
container. 

The paint shall dry to a smooth uni- 
form finish, free from roughness, grit, 
unevenness and other surface imper- 
fections. The paint shall show no 
streaking or separation when flowed on 
clean glass. 

When exposed to cold distilled water, 
as specified in Federal Specifications 
TT--P-86a (Sec. E-5j and F-2b), the 
film of paint shall show no blistering or 
wrinkling immediately upon removal of 
the panel. There shall be no softening 
of the film and no more than a slight 
whitening when examined two hours 
after removal. 


aire 
3.2.2—Outside Surfaces 
Outside surfaces which have been 


previously unpainted or from which 
all the old paint has been removed 
should receive two complete prime 
coats. The second coat should be al- 
tered slightly by the addition of lamp 
black or iron blue in order that full 
coverage may be assured. On pre- 


viously painted surfaces, where the old 
paint is generally in good condition 
except for minor spots, these spots 
should be patch coated with one or two 
coats of the primer, prior to the appli- 
cation of the finish-coat paints. 
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The outside prime coat, or the patch 
coat, shall comply with Federal Speci. 
fications TT—P-86a, Type I, which re. 
quire the use of red lead in linseed gjj 
weighing not less than 24 Ib. per gallon, 

Paints based on the following speci. 
fications have demonstrated their use. 
fulness for outside finish coats: 


White—F ederal Specifications 
TT-P-40, Amendment 2, Type |, 
Class A (white lead-titanium dioxide. 
zinc oxide-extender-linseed oil) 

Tint Base—Federal Specification; 
TT-P-40, Amendment 2, Type I, Class 
C (same as Class A, but nonchalking 
rutile type titanium dioxide specified) 

Black—F ederal Specifications 
TT-P-6la (red lead-carbon-extender 
and/or iron oxide-linseed oil) 

Aluminum—Federal Specifications 


TT-V-8la, Type II, Class B (“Var-} 


nish; Mixing for Aluminum Paint”) 
and TT—A-—468, Amendment 3, Type 
II, Paste Grade I, Class A (“Alumi- 


num Pigment: Powder and Paste”); 


mix 2 lb. of aluminum paste and 1 gal. 
of aluminum mixing varnish 

Foliage Green—State of Maine 
Highway Dept.; the formula for thi 
paint is as follows: 


Finish Coat—Medium Green Amount 
Semipaste white lead 100 Ib. 
Chrome oxide green paste in oil 20 Ib. 
Raw linseed oil 3% gal 
Varnish gal 
Turpentine or mineral volatile 

spirits 1 qt 
Yield (approximate) gal 


Sec. 2C-3.3—Hot-Applied Coal-Ta 
Enamel 
Such coatifig material shall meet th 
requirements of the applicable prov: 


sions of A.W.W.A. Standard Specifice{¢ 


tions for Coal-Tar Enamel Protective 


Coatings for Steel Water Pipe (7A.4: 
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1940 and 7A.6-1940). Application 
must conform exactly to the instruc- 
tions of the manufacturer of the prod- 


Sec, 2C-4.1—Red Lead and Oil or 
Red Lead and Synthetic Resin 


Red-lead paint may be applied either 
by spraying or by brushing. If applied 
by spraying, care shall be taken that 
suitable nozzles are used and that the 
air pressure, both on the liquid in the 
container and on the atomizing nozzle, 
is within the ranges recommended by 
the paint and equipment manufacturers 
to produce good work. If the spray 
method is used, care shall be taken that 
no spray falls on near-by structures. 
Spraying of exterior surfaces shall be 
confined to quiet days when it will 
not adversely affect adjacent property. 
The contractor shall be responsible for 
any and all damage resulting from spray 
drifting. 

If the paint is applied by brushing, 
it shall be brushed on in one direction 
and then smoothed in a direction at 
right angles, to produce as uniform a 
thickness of coat and as complete a 
coverage as possible. (This required 
two-directional brushing is “one coat” 
vithin the meaning of this proce- 
dure. ) 

Care shall be taken to insure the ap- 
plication of a uniform coating carefully 
worked around rivet heads, joints and 
other irregularities in thé surface. 

Each coat shall be allowed to dry 
thoroughly before the next coat is ap- 
plied ; however, not more than 48 hours 
shal! elapse between successive interior 
coats of the phenolic type vehicle. 
Paint shall be applied only when the 
air temperature is at or above 40°F. 
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Sec. 2C-3.4—Wax-Grease Paint 


Wax-grease coatings may be either 
of the cold-application type or of the 


uct used. ‘pate type adapted for hot application. ~¥ 
L 
2C-4—Application of Paint 


No paint shall be applied during wet 
or foggy weather, or upon damp sur- 
faces or metals coated by frost. 


Sec. 2C-4.2—Coal-Tar Enamels 

The detailed recommendations of the 
manufacturer shall govern the applica- 
tion of coal-tar enamels. 

The coal-tar primer shall be evenly 
applied and care exercised to avoid 
runs, festoons or other accumulations 
of heavy primer. No coal-tar primer 
shall be applied when the steel temper- 
ature is below 35°F. 

After the coal-tar primer is dry, the 
surfaces will receive the application of 
the hot coal-tar enamel. If more than 
five days have elapsed since the coal- 
tar primer was applied, the surfaces 
shall be given a light thinned coat of 
coal-tar primer and this application al- 
lowed to dry. 

The coal-tar enamel shall be broken 
up into small pieces and heated in a 
suitable melting kettle. A slow flame 
shall be used for the initial heating 
before the flame is turned on full force. 

When the hot enamel is drawn from 
the heating kettle, it shall be strained 
through a fine wire screen to remove 
all foreign substances. 

Immediately before applying the hot 
coal-tar enamel, the primed surfaces 
shall be wiped free of any dust or for- 
eign matter. 


Sec. 2C-4.3—Wax-Grease Paints— 
Cold-Application Type 
Cold-application type wax-grease 

paints shall be thoroughly rubbed on to 
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the clean dry metal with a stubby brush 
to insure thorough wetting of the metal 
surface and absorption of all occluded 
moisture. The coating shall be applied 
to a thickness of not more than 0.0312 
in. and not less than 0.0234 in. 

The tank can, if needed, then be put 
into service as soon as the painting is 
complete. 


Sec. 2C-4.4—Wax-Grease Paints— 
Hot-Application Type 
Because of its physical properties 
and special method of application, it is 
recommended that the hot-application 
type of wax-grease paint be applied 
only by an experienced painting con- 


Section 2C-5—Ventilation 


The contractor must provide ade- 
quate ventilation while painting the in- 
terior surfaces of a tank. This is par- 
ticularly important where tar products 


Section 2C-6—Cleanliness 


The contractor and all workmen em- 
ployed by him shall conduct all opera- 
tions in a clean and sanitary manner. 
No nuisance shall be committed in a 
tank; the workmen shall 
proper waste receptacles or leave the 
tank whenever necessity arises. 

No one shall work in a tank if he 
has been under a physician’s care, or 
has needed a physician’s care, within 
a seven-day period prior to entering 
or working in the tank. No person 
shall be permitted to work in a tank 
who has an abnormal temperature or 
The tank 
owner, or a physician employed by him, 
shall be the judge of the physical fitness 
or unfitness of any person to enter or 


either use 


gives evidence of illness. 
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tractor, who is properly equipped 
handle this material. 

The material shall be applied to th 
dry surfaces by means of a spray ap 
paratus, utilizing fluid pressure throug} 
special nozzles. Sufficient pressyy 
shall be used to impinge the molten ma. 
terial on the metal surface. The tem. 
perature of the coating shall be not les 
than 250°F. and not more than 300°F 
After application to the surface, th 
coating should be thoroughly flasheg 
or flamed by means of a torch, t 
smooth out all laps and close any pip. 
holes. The thickness of applied coat. 
ing shall be not less than 0.0315 in. 9; 
more than 0.0625 in. Ser a 


are used. The ventilation shall be ade. 
quate to remove fumes and prevent inf 
jury to workmen or the possibility oj 
accumulating volatile gases. 


work in a tank. No deviation from 
this stipulation may be permitted. 
The tank owner, after work of an 
nature is done in a tank, is charged wit 
satisfying himself that the tank interig 
is clean and sanitary before the tank i 
returned to service. Although a cor 
tractor may be required by his cor 
tract to clean all painted surfaces thor 
oughly before a tank is restored t 
service, it is the ultimate responsibilit 
of the tank owner either to give th 
tank a final field inspection or to re 
quire such laboratory tests of the quali 
of water held (for test purposes) 1 
the tank as will demonstrate the goo 
sanitary condition of the tank interio 
(See the note on disinfection proce 
dure at the end of this document.) 
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The owner shall inspect the painting 
as it is being done or employ an inspec- 
tor to do so. Payment for painting 
done shall be made only after the owner 
has satisfied himself directly that the 
painting is satisfactory; or after an in- 


Disinfection oo After inspection, 
repair or painting has been completed, a 
tank should be disinfected before it is re- 
placed in service. This should be done fol- 
lowing the leakage test and general inspec- 
tion of the work. If the tank is not used 
for water service between the repair and 
painting operations, intermediate disinfection 
is not necessary. 

The tank should be slowly filled to the 
overflow level with potable water, to which 
enough chlorine is added to provide a con- 
centration of 50 ppm. Cl in the full tank. 

The chlorine, either as high-test calcium 
hypochlorite (H.T.H., Perchloron or equiv- 
alent) or liquid chlorine, should be intro- 
duced into the water as early during the 
refilling operation as possible. A simple and 
effective method of adding the disinfectant 
consists of scattering hypochlorite powder 
over the water surface in the partly filled 
tank—working from the manhole or entry 
opening on or near the top of the tank. 
As the water rises to fill the tank, the chlo- 
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Section 2C-7—Inspection 


the contract. 


rine will be dissolved and dispersed so that 
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spector’s report has been filed with the 
owner certifying that the painting has 
been done properly and in accordance 
with the terms of the contract. 

It is in the mutual interest of the 
owner and the contractor that such in- 


spection be made promptly. 


it will make contact with the metal surfaces. 
After the tank has been filled, it should 
stand full for 24 hours, if possible, but for 
not than 6 hours. (Disinfection with 
chlorine at the 50-ppm. rate is practically 
instantaneous, if the polluting material is 
not protected by films or gross particles. 
The 6-to-24-hour holding requirement is 
intended to provide a factor of safety.) 

After the holding period, the highly chlori- 
nated water in the tank must be completely 
drained to waste and the tank refilled from 
the regular supply. Subsequent to refilling, 
samples of water should be taken from the 
tank in order to demonstrate and record the 
good sanitary condition of the tank, before 
it is restored to regular service. 

The tank owner and the inspector, the 
repair contractor or the painting contractor 
shall, prior to any work in the tank, reach 
a definite understanding concerning the dis- 
infection procedure to be used, and shall as- 
sign responsibility for the actual task of 
disinfection, recording this understanding in 
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~ “~ the reference to the publication in which the abstracted article appears, 39:473 
_ (May 47) indicates volume 39, page 473, issue dated May 1947. If the publication is paged 
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CANADIAN WATER SUPPLIES—-GENERAL pe 
Water Works Systems [of Canada]. Anon. Chlorination. ANON. Wtr. & Sew. (Can. 
 Wtr. & Sew. (Can.) 85:8:3 (Aug. '47). Since 85:8:8 (Aug. ’47). There are 573 chlorination 
first municipal works built at Halifax, N.S., plants in Canada, over 25% of municipal— — 
in 1848, number has increased to 1309. Over systems being so equipped. In Quebec, 139 Se 
_ 6,000,000 people served, 55% of total popula-__ chlorination plants; and in Ontario, 259, over on 
_ tion. Half supplies from ground and half 80% of all water supplied in latter being Di 
gs surface sources. Estimated 12,000 mi. chlorinated. Typhoid death rate has dropped} 5 
; of pipe 4” or over, average 9’ per person from 50 to less than 1 per 100,000 and in many ox 
served; 110 services per mi. and slightly more _ parts of country it has reached vanishing point. a 
than 4 persons per service. Annual hydrant -R. E. Thompson. of 
“maintenance averages $4.57 each. Practi- 
cally all industrial and commercial services Water Distribution. ANon. Wr. & Sew, “ 
metered, and metering of domestic service (Can.) 85:8:16 (Aug. '47). In Canada, 62% Co 
- increasing. Average water rates for 5-room of mains 6” and 4” diameter, and 15% 8”. . 
house ($2000 assessment, 4 occupants, front- Average prewar cost of 6’’ main $2.20 per ft. ws 
age 45’) $16 flat and $14.45 metered, yearly. Average per capita valuation of water works] og 
~ Billing periods: 3 mo., 62%; 2 mo., 17%; 1 — systems, prewar, $47.85. Earth cover over of 
 mo., 9%. In 80% of cases, fire protection mains 2’-9’, in southern Ontario commonly cal 

charges based on number of hydrants, ranging 5’. Hydrants average 8.5 per mi. of main— 
from nothing to $200 and averaging $40-50 spacing in business area 200’—400’, residentialf Jp, 
™ hydrant per yr. —equiv. to 47¢ percapita, 300’-800’. Survey prior to war showed that§ Jp. 
or $307 per mi. of main.—R. E. Thompson. in 53% of systems percentage of domestic jp, 
services metered less than 1%. Cost of meter ("4 
_ Administration. Anon. Wtr. &Sew.(Can.) reading 4¢ to $1 per meter per yr.—R. Ef ,,, 
85:8:4 (Aug. In Canada, few privately | Thompson. po 
owned water systems. In Ontario, 115 oper- 27. 
ated by commissions and 162 by councils— Water Filtration. ANON. Wtr. & Sew. su 
jin other provinces, except Maritimes, com- (Can.) 85:8:6 (Aug. °47). Filtered water} <, 
mission administration used less extensively. supplied to 3,500,000 people in Canada, orf 44, 
Joint administration of all sanitary service by 30% of total population; nearly 60% of pr 
1 commission not widely practiced. Financ- population served by public systems. Filter} 5, 
ing usually by debentures which are obligation plants number 140—-gravity mechanical 83, y, 
against all taxpayers. [Equal annual install- pressure mechanical 45, slow sand 12. Off ., 
ments of principal and interest now used these, 114 in Ontario and Quebec. Infiltra-} o¢ 
rather than sinking fund payments. Deben- tion systems, first used in 1875 at Hamilton, § ji, 
ture and operating costs met by general taxa- largely abandoned. Pressure and slow sand § fo, 
tion based on assessment; frontage tax; plants now seldom installed. Alum used po 
service charge; or rates based on service almost exclusively, dry feed being predomin-§ je. 
provided. Procedures vary widely.—R. E. antly employed. Mixing effected by spiralf 
Thompson, flow tanks in 15 plants and mechanical units § ,j; 
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in 16. Use of anthrafilt gradually increasing. 
Wash rates 15’’-40”, usually about 24”. Air 
used extensively only in Quebec. Palmer 
agitators installed at number of plants. 
Capital cost for rapid sand plants: per capita, 
$2.30-$43.10, average $11.35; per mil.gal. 
designed capacity $23,800-$224,000, average 
$68,000; per sq.ft. sand area, average $159.20. 
—R. E. Thompson. 


1947, 

e of the Taste Control. ANon. Wtr. & Sew. (Can.) 
Corr.—§ 85:8:10 (Aug. '47). All usual methods em- 
bstracts;— ployed in Canada. Survey of activated 


carbon use showed average dose 4.13 lb. and 
cost 41¢ per mil.gal. total consumption. 
Dosage varied from 0.28 to as high as 120 lb. 
per mil.gal. during period of application. 
ClO, used at number of plants and found 
effective for taste due to phenols and algae.— 
R. E. Thompson. 


Sewage Treatment Standards. R. Bower- 
inc. Wtr. & Sew. (Can.) 86:6:26 (Jun. '48). 
Discussion of criteria for determining degree 


ropped# of treatment required and results that may be 
i many§ expected from various types of plants. Chief 
Point. criterion is dilution afforded by, and use made 
of, receiving body of water. Standards sug- 
a gested by Imhoff and Fair for various classes 
x Sew. § of receiving bodies and Interstate Compact of 
a, 62% Connecticut, New York and New Jersey re- 
5% 8". quirements for sewage discharged into tidal 
per ft § waters given, together with approximate 
Works § efficiencies of various types of plants in terms 
‘T Over® of removal of suspended solids, B.O.D., and 
umonly coliform bacteria.—R. E. Thompson. 
nain— 
dentialf Industrial Waters of Canada. Report of 
that# Investigations, 1934-1943. Haracp A. Lev- 
mesticf erin. Can. Bur. of Mines Rept. No. 819 
'meter# (47), Revision of Report No. 807, incorpo- 
R. E, rating information contained in Interim Re- 
port No. 6. Includes anals. of 930 samples, 
: 278 from surface and 652 from civic water 
Sew supplies. Anal. methods outlined. Discus- 
water sion of impurities found in natural waters, 
da, OF their origin and effect on various industrial 
1% ol processes, Corrosion, and commonly employed 
Filter] methods of water purification. Hardness of 
al 839 waters examined, discussed fully, with tables 
2. Of and diagrams showing: variation in hardness 
ifiltra- of Great Lakes water from Port Arthur to 
nilton, § tidewater; persons served by supplies of dif- 
sand § ferent degree of hardness; weighted (in pro- 
used portion to population served) average hard- 
lomin- ness of large public supplies by provinces; and 
spiral} source and treatment of public supplies in 
units} cities and towns with population of 3000 and 
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over in eastern Canada and 2000 and over in 
western Canada. Hardness maps included. 
Ground waters preponderantly very hard 
(over 180 ppm.), while surface waters on 
average hard and medium hard (61-180 
ppm.). Water supplies in coastal provinces, 
in general, soft. Supplies studied serve 
52.4% of total population and weighted 
average hardness for those from surface 
sources is 97.8, for those from ground sources 
343.8 and for all supplies 118. Ground waters 
serve only 7.6% of population supplied from 
sources studied. Only 3 municipal soften- 
ing plants, all base-exchange type.—R. E. 
Thompson. 


Well Water Systems. ANoNn. Wir. & Sew. 
(Can.) 85:8:12 (Aug. '47). Wells used for 
all or part of supply in 225 Canadian munici- 
palities, 17% possessing public systems. In 
Ontario 95 such supplies, in Quebec 77 and in 
Saskatchewan 21. Number of larger munic- 
ipalities so supplied. Depth varies from 25’ 
to 500’—usually 100’-150’. Pumping usu- 
ally by submerged units with electric motors 
at surface. Considered good practice to re- 
move pumps every 5 yr. for inspection and 
repair. No indication of recession of water 
table, levels remaining constant, apart from 
seasonal fluctuations.—R. E. Thompson. 


The Columbia Basin Water Resources in 
Canada. C. E. Wess. Eng. Jour. (Can.) 
30:601 (Dec. '47). Describes Columbia R. 
Basin and developed power sites within its 
boundaries, both in U.S. and Can. Discusses 
various surveys and investigations currently 
carried out by Intl. Columbia R. Eng. Board 
for Intl. Joint Commission. Personnel of 
board listed and progress to date in each phase 
of work given. Summary of benefits from 
these studies accruing to Columbia Basin 
residents and to all Canada.—Ed., 


Improvement Program for Halifax Water 
System. J. D. Kitne. Eng. Cont. Rec. 
(Can.) 60:6:82 (June '47). Concrete reser- 
voir, 3.5-mil.gal. capacity, built in ‘13 re- 
paired by guniting and flat roof replaced by 
prestressed gunite dome after raising walls 
4’. Capacity increased 0.5 mil.gal. New 
booster station (Dutch Village Rd.) containing 
three 7-mgd. units constructed on low-service 
system. Air-elec. automatic control responds 
to demand in 13 steps, controlled by cam 
switches. Waste water survey disclosed 
waste in excess of 5 mgd., prior to which 50% 
of water unaccounted for. Despite Cu intake 
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screens of less than }’’ mesh, eels gained access 
to system during low-water period each fall. 


Electric fish screens consisting of }” pipe 
electrodes across intake 2’’ center to center 
and ground approximately 2’ from electrodes 
on lake bottom, gave complete protection in 
46. Eels not killed but diverted from course 
on entering electric field. Main cleaning 
practiced since 1875. Self-acting scraper 
employed in 1880. In '46, 8 mi. of 15’ trans- 
mission main cleaned. Capacity increased 
about 40%.—R. E. Thompson. 


Dutch Village Road Station, Halifax (N.S.). 
Anon. Wtr. & Sew. (Can.) 85:4:23 (Apr. 
'47). Owing to great differences in elevation, 
distr. system consists of 2 services—high, 
supplied by gravity from Spruce Hill Lake; 
and low, supplied from Chain and Long Lakes, 
also by gravity until ’42 when constant-speed 
pump installed on 1 of 2 low-service mains. 
New station, equipped with three 7-mgd. 
variable-speed motor-driven centrifugal 
pumps (1 for stand-by), provides pressure 
boost on entire low-service system as _ re- 
quired, controlled by air-electric automatic 
equip. Pressure increased in case of fire. 
R. E. Thompson. 


Further Extension of Ottawa Water Works 
May Soon Be Urgently Required. C. T. 
HEENEY. Wtr. & Sew. (Can.) 84:12:18 
(Dec. '46). Business and other sections at 
highest city elevation have prevented constr. 
of reservoirs floating on distr. system, and 
hence pumping stations and purif. plant must 
be operated to coincide with demand, necessi- 
tating auxiliary pumping equip. to meet max. 
demand. Plants served by lines from differ- 
ent power sources, and, in event of complete 
failure, purif. plant supplied by diesel engine 
driven low-lift pump, head created thereby 
driving generator which supplies current for 
chem. feed machines, lights, etc., while load 
of high-lift pumps taken over by hydraulic 
turbine driven pumps in Queen St. W. Station. 
Water in top third of 6-mil.gal. clear well flows 
by gravity to latter and consequently water 
el. in clear well maintd. as high as possible. 
Purif. plant, rated capac. 35 mgd., placed in 
operation in '32. Outbreak of war brought 
increased consumption and, to flatten peak, 
lawn sprinkling permitted in east and west 
sections of city on alternate evenings only 
(alternation of hr. tried first). In °42, 3 old 
(1874-6) turbine-driven reciprocating pumps 
replaced by turbine-driven centrifugals and 
constr. by civic forces of 2 new filters com- 
menced, increasing capac. to42 mgd. During 
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‘46, daily pumpage as high as 27.3 mil.gal,, 

with peak demand up to 40, and further ey. 

tensions will be required if increase continues, 
R. E. Thompson. 


Report on a Revised Plumbing Code fo; 


Ontario. A. E. Berry. Eng. Cont. Ree |, 


(Can.) 61:1:88 (Jan. '48). Present legislation 
permits but does not require preparation and 


enforcement of code by each municipality, | 


Some minimum requirements included jg 
Public Health Act, but these very limited, 
Act, however, authorizes adoption by order. 
in-council of regulations for control of plumb. 
ing throughout province. Plumbing Code 
Committee of Ontario Assn. of Plumbing 
Inspectors and Affiliates, with representatives 
from all interested groups and associations, 
has prepared draft code for review and dis. 
cussion. From this should emerge standard 
of minimum requirements which could be 
modified by individual municipalities to pro- 
vide higher standard if desired. General 
principles include: (1) provincial examining 
board, (2) provincial rather than local licens- 


ing, (3) continuing advisory committee, (4) | 
laboratory for testing and demonstrating new | 


devices, etc., and (5) provision of trained 


inspectors by municipalities. Revising On- | 


tario Plumbing Code. W. H. RIEHL. Eng. 
Cont. Rec. (Can.) 61:1:90 (Jan. '48). Report 
of representative of Canadian Inst. of Sew- 
age and Sanitation, presenting points in 
draft code which proved most controversial 
and those of major interest to those concerned 
with municipal sanitation. Recommenda- 
tions include laying of water and sewer pipes 
in separate trenches, wherever possible at 
least 5’ apart, except in solid rock; failing 
this, water pipe should be laid on bench at 
least 12’’ above top of sewer pipe; placing of 
water outlets to plumbing fixtures above 
flood level rim of fixture at minimum vertical 
distance equal to twice diameter of effective 
opening of water supply discharge; and 
minimum diameter of 1}”’ for ferrous pipe and 
fittings used underground, all such threaded 
pipe and fittings to be zinc-galvanized o 
cement-lined.—R. E. Thompson. 


Dual Water Supply System at South Porcu- 
pine, Ont., to Be Unified. Anon. Wir. & 
Sew. (Can.) 86:1:22 (Jan. '48). At present, 
domestic supply pumped from springs through 
6” steel main to 35,000-gal. standpipe and 
thence by gravity to distribution system. 
Fire protection supply pumped directly from 
Lake Porcupine into mains serving hydrants. 


ab 


ph 
Ste 


Unification program includes deep well, | jo 


Chi 
Vt 
We 
thr 
th 
's 
ty 
a 
Ad 
Ple 
( 
DS 
Be 
ay. 


AWWA} October 1948 


| mil.gal,, | 500,000-gal. reinforced concrete reservoir and 
irther ey.|12” cast-iron supply main 20,000’ long. 
‘ontinues, |Gravel-wall well has capacity of 600 gpm., 
is 45’ deep, 26” in diameter, and has 14” 
inner casing and screen. Water hardness 
Code for}i35 ppm., Fe zero and temp. 41°F. Con- 
mt. Ree,|sumption about 55 gpd. per capita.—R. E. 


egislation | Thompson. 

1tion and 

icipality. |Toronto’s New Filtration Plant Reduces 
luded jp |Chemical Costs. Norman J. Howarp. 
limited. |\Wtr. & Sew. (Can.) 85:2:18 (Feb. °47). 
»v order. [Water supply drawn from Lake Ontario 
f plumb. [through 3 intakes, 2 feeding Island plant and 
ng Code lother R. C. Harris (formerly Victoria Park) 


"lumbing | plant placed in commission Nov. ‘41. Best 
entatives raw water available for treatment selected on 
ciations, |basis of lab. tests at 2~3-hr. intervals. Taste 
and dis- tests made every 30 min. Water treated in- 
standard creased from 73 mgd. in '40 to 92.5 in ’46. 
‘ould be |On basis of chem. costs in ’40, last year Island 
s to pro- |plant supplied entire city, savings in 5-yr. 
General | period, '42—'46, were: alum $1300, Cl $54,760, 
camining |$O2 $53,915; total $109,975, almost sufficient 
il licens- to maint. labs. at both plants for 4-yr. period. 
ttee, (4) |In addn., city water quality improved and 
ting new | danger of shortage elimd. Results have 
trained | justified selection of site for new plant. 
ing On- | k. E. Thompson. 

Eng. 


Report Canada’s First Watersphere. EE. N. ZIMMER- 


of Sew. wan. Eng. Cont. Rec. (Can.) 61:7:82 
in (July '48). Watersphere at Port Union, 
oversial: Ont., plant of Johns-Manville Co., has 


mcerned capacity of 100,000 gal. Supporting cylinder, 
imenda- also serving as riser, 6’2’’ to 8’ diameter, 
er pipes resting on cone-frustum base 18’ high and 
sible at flaring to 29’4’’ diameter at bottom. Over- 
failing all height 127’. Sphere 30’ in diam. Total 
ench at} weight of steel 63 tons. Butt-welded V-joints 
acing of} throughout. Painted with 1 coat red-lead 
; above} primer and 2 coats Al.—R. E. Thompson. 
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Add Sixteen Rapid Sand Filters to Montreal 
Plant. H. A. GiBeau. Eng. Cont. Rec. 
Can.) 60:4:74 (Apr. °47). Present plant, 
rated capac. 150 mgd., supplies avg. of 155 
and up to 179 mgd. for long periods, despite 
increased raw water poln. To relieve over- 
loading, capac. being increased to 200 mgd. 
by constr. of fourth battery of 16 filters. 
Below filters will be 2 filtered water basins, 
230’ 50’ and 16’ deep. Approx. 36,000’ of 
36” and 48” steel mains laid '07-'14 recondi- 
tioned last yr. at cost of $244,000. Length 
about 7’ cut from section to be cleaned, 
plunger-type cleaning machine equipped with 
steel scrapers inserted, and length temporarily 
jointed into place. Machine driven forward 
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under relatively low head of water, ma- 
terial discharged and machine removed from 
similar opening downstream. Usually, opera- 
tion repeated before centrifugally placing 
cement-mortar lining varying in thickness 
from ?” to more than 3” with tolerance of 
fs’’. After curing, inspection and testing for 
leakage, section chlorinated and returned to 
service. McTavish reservoir, built 1856 and 
modified in 1873, being rebuilt and covered 
at cost of about $1,500,000. Structure will 
consist of 6 cells with total capac. 35 mil.gal., 
and top will be landscaped.—R. E. Thomp- 
son. 


Canada’s First Welded Elevated Tank for 
Municipal Water Service. ANoN. Wir. & 
Sew. (Can.) 85:12:23 (Dec. '47). New all- 
welded tank at Sillery, residential suburb of 
Quebec City, has 300,000-gal. capacity and 
is supported on 8 cylindrical columns without 
lateral support, fabricated from }” steel plates 
rolled to 42” diameter. Tank 51’ in diameter, 
with ellipsoidal bottom and roof, depth of 
bottom being 4 and of roof } of tank diameter. 
Central riser, 6’ in diameter, extends 85’ from 
ground level to tank bottom. Supply from 
St. Lawrence River by electric-driven pumps, 
750,000-gpd. total capacity, operating against 
head of 210 psi. There are 1000 domestic 
consumers and consumption averages 500,000 
gpd. Pressure maintained between 30 and 
55 psi. Head range in tank 26’.—R. E. 
Thompson. 


New Pumping Equipment for Sherbrooke 
(Que.) Water Works. Anon. Eng. Cont. 
Rec. (Can.) 60:3:84 (Mar. '47). Avg. daily 
consumption by 42,000 pop. 6.6 mgd. in ‘46. 
Supply from Magog R., chlorinated at 8.5 
Ib./mil.gal. System includes 2 reservoirs, 
10- and 6-mil.gal. capac. resp., and new 2- 


mil.gal. reservoir contemplated. Till ‘27, 
when first motor-driven centrifugal pump 
installed, reciprocating piston ‘Triplex’ 


pumps driven by water wheels used exclu- 
sively, one of which, now 68 yr. old, employed 
as stand-by since second centrifugal added 
last yr. Flow from reservoirs by gravity, 
but hilly terrain necessitates strategically 
located booster stations. Pressure at highest 
point on system increased from 10 to 86 psi., 
that at lowest point being 127 psi. Chem. 
anal., in ppm.: CaCO; 43.5, CaSO, 10.8, 
MgSO, 16.3, oxides 9.6, incrusting solids 
80.4, NasSO, 6.2, NaCl 6.2, org. matter 15.4, 
nonincrusting solids 27.8, total solids 107.9. 
Free CO; and D.O. 3 and 8 ppm., resp., and 


pH 7.3.—R. E. Thompson. 
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Is Cast Iron Superior in Corrosion Resistance 
to Steel? R. W. Wuite. Materials & 
Methods, 26:2:82 (Aug. '47). In order to 
determine comparative corrosion resistance 
of cast iron and steel, bare metals and varnish- 
and enamel-coated metals exposed to follow- 
ing test conditions: salt fog spray, water 
vapor, sulfur dioxide fumes, and ultraviolet 
light combined with periodic water spray. 
Rusting of uncoated machined samples of 
iron and steel found to be practically identical 
while shot-blasted, uncoated cast iron showed 
greater corrosion due to increased surface 
area. Corrosion resistance of coated steel 
found superior to that of coated iron. Graph 
and various tables included.—Corr. 


Effect of Sulfur Bacteria on Corrosion. L. 
LIBERTHSON. Iron & Steel Engr., 24:6:69 
(June '47). Phenomenon of bacterial deteri- 
oration of cutting oil emulsions used as illus- 
trative link to indicate why and how sulfur- 
reducing bacteria may well be regarded as 
subject for study by industrial microbiologist. 
Literature briefly surveyed in order to (1) 
emphasize intersection between lines of in- 
vestigation familiar to iron and steel technol- 
ogist and lines normally regarded as primarily 
biological; and (2) to underline research 
trends and possibilities in field of corrosion of 
iron and steel in area where it overlaps exist- 
ing knowledge of chemo-autotrophic micro- 
organisms.—Corr. 


Mechanism of Corrosion of Water Pipe. 
THomas M. Rippick. Wtr. & Sew. Wks. 
94:R149 (July '47). Discusses above mech- 
anism and presents 3 empirical formulas 
derived to express numerically corrosive 
tendencies of water from analyses. IIlus- 
trated by photographs of corroded pipes, etc. 
—Corr. 


Corrosion Surveys. M. E. PARKER Jr. 
Petroleum Engr. 18:10:270 (July ’47).. Major 
types of surveys in relation to corrosion con- 
trol of pipelines and their principal functions 
described. Following discussed: (1) prelimin- 
ary or exploratory survey, (2) electrical survey 
of line already laid and (3) survey of line that 
has been placed under protection. Other 
special surveys such as determining suitable 
sites for anode beds considered. Quantities 
to be measured and various instruments used 
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discussed. Method of recording data pre. 
sented.—Corr. 


Long-Term Natural Corrosion Tests on Dit. 
ferent Structural Steels in the Atmospher 
and in Sea and River Waters. Report |, 
H. Baupot; Report II, G. CHAUDRON. Rey. 
Mét. (Fr.) 43:1/2:1 (Jan. —Feb. '46). 
2 reports on comprehensive series of tests 
covering wide range of structural steels (un. 
protected ) exposed at 11 different stations 
since ’38. Report I describes preparation of 
specimens and test stands. Report II gives 
analysis of results and comparison with 
laboratory tests.—Corr. 


Half Cell for Measuring Corrosion Potentials, 
J. M. SranprinG. Elec. World, 127:3:18) 
(Jan. 18, '47). Homemade half cell, for 
measuring potential on underground struc. 
tures to ground, using telephone receiver shell 
for housing, wood plug for earth contact, 
described and illustrated.—Corr. 


Method for Measuring the Corrosion of 
Welded Joints. L. I. FRumin. Factory 
Lab. (U.S.S.R.), 13:693 (June '47). After 
short review of types of corrosion taki 
place in above and their causes, 3 methods 
determining amount of corrosion described, 
These are: use of profilometer (for deep-pene- 
trating corrosion) ; differential weight method: 
and application of stress to joints immersed in 
concentrated alkali.—Corr. 


Corrosion Coupons and Pipe Life Predictions 
—Revision of 1947. W. R. ScHNEIDER 
Corrosion, 3:209 ('47). Pipeline corrosion 
rate measurement and pipe life prediction by 
buried coupon technique comprehensively 
described. Coupons, 3’ X & cleaned 
steel plates, buried in pairs near bottom a 
pipe. One of coupons electrically connected 
to pipe and acted on by stray and long-line 
currents as well as by soil; other coupon con 
trol, subject to soil action only. Coupons re 
moved yearly, preferably in fall, and cor 
rosion, particularly pit depth, measured 
Mathematics of accurately estimating cumu 
lative pit depth from yearly measurements d 
individual pits given in full detail. Method 
can be successfully applied to old lines in 
absence of previous data. Some remarkable 
instances of accurate pipe life predictions 
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detection of corrosion conditions, and detec- 
tion of changes in soil corrosivity from various 
causes cited. —Corr. 


Electrolytic Resistance as a Means of 
fvaluating the Protective Merit of Under- 
water Organic Coatings on Metals. R. C. 
gacon, J. J. Smith & F. M. Rucc. ACS 
‘ith Meeting, Atlantic City (Apr. 14-18, 
47). Electrolytic resistance technique for 
evaluating underwater organic coatings, gen- 
jerally in } time required for usual exposure 
st. Proved reliable in more than 300 test 
systems. In course of this work, wide variety 
{ factors which affect protection offered by 
submerged coatings on mild steel substrate 
considered. Effects on protective perform- 
ance due (1) to differences in pigment, pig- 
ment content, and organic binder, (2) to 
presence of ‘‘wash primer’’ applied to steel 
substrate prior to application of primer coat- 
ing, and (3) to variations in sodium chloride 
and oxygen concentrations in environment 
have readily been revealed by log resistance 
time curves. With coatings offering good 
protection, alternate increases and decreases 
in high resistance region frequently observed 
throughout course of test immersion period. 
Phenomenon believed to be related to forma- 
tion of corrosion product barriers at or near 
metal surface.—Corr. 


Water Immersion of Metal Protective Paints ; 
Role of Electro-Endosmosis in Water 
Absorption and Blistering. W. W. KiTreL- 
BERGER & A. C. Etm. Ind. Eng. Chem. 
39:876 (July 47). Data presented show that 
over 90% of total water absorbed by linseed 
oil type of paint coating, under influence of 
both concentration and potential gradient, 
is transferred into film by electro-endosmotic 
forces. Possibility exists that greater resist- 
ance to water absorption and to blistering of 
some paint Coatings is not so much due to 
greater inherent waterproofness as to ap- 
preciably higher electrolytic resistance.—Corr. 


Galvanic Protection of Iron by Magnesium 


Anodes. BERNARD J. C. RacLor. Meétaux 
& Corrosion (Fr.) 22:28 (Feb. ’47).  Proper- 


ties of both zinc and magnesium considered 
and pure magnesium found to have highest 
potential. Anode buried in mixture of tar 
and paraffin within few feet of pipe.—Corr. 


ANON. 
Essenti- 


Cathodic Corrosion Protection. 
Steel, 121:19:106 (Nov. 10, °47). 
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ally, cathodic protection means that structure 
to be protected serves as cathode of battery. 
This battery set up by placing metal anodes 
in soil near buried structure and connecting 
these with wire; earth acts as electrolyte. 
Magnesium anodes, made of metal or alloy 
higher in electromotive series than metal to be 
protected, considered valuable because of 
their high driving voltage. By reversing 
current flow, metal prevents weakening of 
structure by corrosion. In so-called packaged 
anode described, anode and lead wire placed 
in cloth bag containing chemical required for 
mud, bag placed in ground, and ire connected 
to cathode, water being poured over anode to 
give chemicals moisture needed to form chemi- 
cal mud. Such magnesium anodes, applicable 
for protection of pipelines, cable, storage 
tanks, sheet piling, lead sheath cable, steel 
poles and tower footings, expected to produce 
cheaper installation and greater ease of 
maintenance.—Corr, 


Use of Magnesium, Zinc, Aluminum and 
Their Alloys in the Cathodic Protection of 
Steel in Salt Water. R. R. RoGers & C. E. 
Viens. Can. Metals Met. Inds., 10:9:18 
(Sept. '47). Laboratories of Dept. of Public 
Works, Ottawa, Can., consulted regarding 
methods of combatting corrosion of steel piling 
in sea water. Three series of cathodic pro- 
tection experiments performed: (1) experi- 
ments with cylindrical cathodes; (2) experi- 
ments with long strip cathodes; (3) inter- 
mittent immersion experiments. Cathodic 
protection of steel in synthetic sea water quite 
successful in small-scale experiments de- 
scribed. It is felt that pilot-scale tests in 
actual sea water would be justified. In 
selecting anode materials for these larger- 
scale tests, magnesium or high-magnesium 
alloys should be considered first where pro- 
tection of utmost importance and anode 
corrosion rate secondary. If it is important 
to have comparatively low anode corrosion 
rate, even though protection may not be of so 
high an order, pure zinc or 20-80 magnesium- 
zinc alloy would appear to be most desirable. 
It should be pointed out that aluminum may 
be more successful as anode material in other 
types of solution. Also, there may be alum- 
inum alloys outside range of compositions 
investigated in this work which will give good 
protection in salt water. When backfills and 
packaging have been studied more fully, 
anodic protection picture may change con- 
siderably.—Corr. 


| 


Paints as Moisture Barriers. A. C. ELM. 
Official Digest Federation Paint & Varnish 
Production Clubs 267:197 ('47). Water 
absorption of paint film in solutions of varying 
osmotic pressures studied. Blistering also 
followed. Curves in which percentage of 
water absorption, degree of swelling and 
blistering are plotted against time are similar. 
In electro-endosmotic cells, paint films all 
shown to be charged.—Corr. 


Antifouling and Anticorrosive Paints Used 
by the German Navy. C. A. HopkKINs & 
A. INGRAM. Off. Pub. Board, Rept. PB 
38,186 (45). Discussion of most recent 
developments in underwater paints used by 
German navy. Formulas and methods of 
application included. Special report on 
German Marine Laboratory at Cuxhaven 
included.—Corr. 


Process That Provides Long-Term Protec- 
tion for Ferrous Metals. Machinery, 53:12: 
170 (Aug. ’47). Anticorrosive process known 
s “‘Zincilate,”’ claimed to provide 20 years of 
protection to ferrous metals against all 
common types of corrosive action, described. 
Coating possesses high abrasion resistance. 
_ Even when sizable areas destroyed by unusual 
scraping or wear, lasting protection said to be 
assured through cathodic sacrifice of film. 
Zincilate unaffected by 1000-hr. exposure in 
standard salt fog corrosion equipment, as 
approved by A.S.T.M. It has been used 
successfully on pipelines; interiors and exter- 
iors of water and gasoline tanks; bridges; 
machine parts; and marine installations, 
where it affords not only anticorrosive but 
antifouling protection.—Corr. 


Bituminous Coatings for the Protection of 
Iron and Steel Against Corrosion. Rev. 
Current Lit. Paint, Colour, Varnish and 
Allied Inds. (Br.), 116:128 (Mar.—Apr. °47). 
Describes bituminous paints classified as (1) 
wholly bituminous base media, (2) modified 
bituminous base media, (3) pigmented and 
filled compositions. Valuable information 
relating to use of resins, etc., provided, and, 
among pigments, comminuted metals dis- 
cussed. Physical properties of bituminous 
coatings and some general aspects of anti- 
fouling program discussed.—Corr. 


Steam Turbine Blade 
Straus. Univ. of 
4 Summary of 
causes of steam turbine 


Deposits. F. G. 
Bul. 43:39:1 (June 1, 
determine 
deposits. 


studies to 


blade 
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Types of deposits classified, study of solubi}. 
ity of salts in high-pressure steam reported, 
and tests described which showed that Silica 
distills off from boiler water in appreciable 
amounts above 660 psi. P roposed that silica 
concentration in boiler water in higher-pres. 
sure boilers should be held below 10 ppm, 
Method for determining small amounts of 
silica in steam also described.—Corr, 


Concept of the Hydrogen Potential in Steam. 
Metal Reactions. Cart A. ZAPFFE. Am 
Soc. for Metals Preprint No. 15, 38 pp. 
Thermodynamic study of numerous reactions 
of metals and alloys with moisture resulted 
in development of concept of “hydrogen 
potential.”” These potentials provide basis 
for calculating liability of various metal sys. 
tems to hydrogen pick-up from moisture 
reaction. Calculations for iron, steel, stain. 
less steel, nickel, chromium, manganese, 
silicon, aluminum and magnesium shown 
graphically. Conditions over wide range of 
temperature, and wide range of humidity and 
steam pressure, yield calculations which 
readily explain numerous metallurgical phe- 
nomena.—Corr, 


Silica Deposits in Steam Turbines From 
Softening of Make-up Through Natura! 
Zeolite. F. R. Owens. Combustion, 19: 
1:37 (July ’47). Data from number of plants 
show increase in silica content of water in 
passing through softener employing green 
sand. Seasonal increase of silica content 
also noted. Curves included showing turbine 
performance prior to and after by-passing 
green sand softeners. Blasting with fly ash 
proved much more effective in removing 
turbine deposits than washing, even over pro- 


longed washing periods. Confirms theory 
that presence of silica in steam is selective.— 
Corr. 

Cavitation in Water Turbines. Josrrs 
BRONNER. Wtr. & Wtr. Eng. (Br.) 50:484 
(Oct. '47). Formation of vacuum brought 


about by evap. of water if pressure sufficiently 
low. Proper functioning of turbine therefore 
impossible and corrosion defects set in, 
Dissolved gases set free at low pressure and 
rise in bubbles. ~ Assumption that subpres- 
sure (in turbine suction line) equal to static 
suction head correct only for closed guide 
apparatus with draft tube filled with water. 
If draft tube of cylindrical shape, water must 
maint. its veloc. and stored kinetic energy is 
lost. Endeavor made, therefore, to discharge 


water 
\ccor 
losses 
comp 
tions, 
becon 
howe’ 
in eff 
\t hi 
iculti 
curbit 
yndet 
ment 
to ol 
short 
Expe' 
place 
lengt 
creat 
whee 
missi 
come 
appe 
sider: 
dimit 
pract 
older 
turbi 
tribu 


Prote 
Mun 
$7) 
paint 
f st 
syste 
red-l 
pigm 


Ice I 
dow! 
Conc 
visué 
‘orre 
side 

prod 
hlot 
‘lusi 
rine 
urre 
kat 
mair 
desir 
use 
invo 
corre 


= 

1124 

| 
| 


solubij. 
ported, 
at silica 
reciable 
at silica 
ler-pres- 
‘0 ppm. 
UNtS of 


Steam. 
An. 
38 pp. 
eaCtions 
resulted 
ydrogen 
le basis 
‘tal sys. 
noisture 
|, Stain. 
iganese, 
shown 
ange of 
ity and 

which 
al phe- 


| From 
Natura! 
m, 19; 
plants 
ater in 

green 
‘ontent 
turbine 
Dassing 
fly ash 
noving 
er pro- 
theory 
tive.— 


| OSEPH 
50:484 
rought 
ciently 
refore 
et in. 
re and 
bpres- 
static 
guide 
water. 
- must 
rgy is 
*harge 


yctober 1948 


tion area of draft tube in direction of flow. 
\ccording to law of energy, ignoring friction 
losses, sum of pressure energy and kinetic 
bnergy remains const. (Author shows by 
/omputation, under assumed practical condi- 
tions, that pressure underneath runner may 
pecome less than zero.) Disturbances must, 
however, be considered, with consequent drop 
in efficiency, so that neg. value cannot occur. 
\t high speeds with short vanes serious dif- 
culties arise due to cavitation. Kaplan 
.yrbines run well at low heads but may fail 
ynder higher ones. Remedy lies in enlarge- 
ment of vane areas, which means going back 
to older types. Pressures on back face of 
short vane are lower than behind runner. 
Experienced engr. can easily identify those 
places where corrosion often starts. Through 
lengthening of vanes, ‘“‘channels’’ again 
‘eated, thereby approaching old type of 
wheels; local subpressures disappear, per- 
missible cavitation coefficient (o) values be- 
come smaller; and danger of cavitation dis- 
appears. Local subpressures become con- 
sderable with small vanes and increase with 
diminishing areas at constant full load. In 
practice it would be difficult, especially with 
dder and complicated types of Francis 
turbines, to take into acct. all factors con- 
tributing to subpressures.—H. E. Babbitt. 


— slowly by gradually increasing cross- 


Protection of Interior of Steam Condensers. 
Munitions Supply Labs. Paint Notes, 2:2:52 
'$7). Results given of tests on varivus 
painting systems used for protecting interior 
of steam condensers. Best results given by 
system consisting of 1 coat of alkyd-based 
red-lead primer and 2 coats of aluminum- 
pigmented spar varnish.—Corr. 


Ice Rink Piping Fails During Wartime Shut- 
down. P.S. Park. Heating, Piping & Air 
Conditioning 19:4:97 (Apr. ‘'47). From 
visual inspection of failed piping evident that 
orrosion had progressed from inside to out- 
side of coils. Chemical analysis of corrosion 
products revealed substantial proportion of 
hlorides and calcium oxide indicating con- 
‘lusively that breakdown of calcium chloride 
rine in presence of air and moisture had oc- 
urred, setting up acid condition. During 
kating season, pH of brine solution should be 
maintained in 8.0 to 9.0 range, with 8.5 being 
desirable minimum. As added _ protection, 
use of chromate type of treatment suggested, 
involving chromate compounds which act as 
orrosion inhibitors through formation of 
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stable, adherent, and nonporous film on sur- 

face of metal. During nonoperating season, 

brine system should be kept full of alkaline 

brine with periodic tests being made at 

frequent intervals to ascertain pH of solution. 
—Corr. 


Relative Effectiveness of Cathodic Protection 
and Painting in Preventing the Corrosion of 
the Interior of Steel Tanks. T. W. His_opr 
Jr. Am. Ry. Eng. Assn. Bul. 462: 196 (Nov. 
46). Progress report showing how cathodic 
protection may be applied to tanks. So far, 
it has proved more effective than paints.— 
Corr. 


Galvanic Aluminum Anodes for Cathodic Pro- 


tection. R. B. Hoxenc, E. D. VeRInK & 
R. H. Brown. Corrosion 3: 6: 263 (June 
'47). Lab. and service data indicate that 
tech. development of galvanic aluminum 


anodes in wet and packaged backfills has been 
successfully directed towards (1) increasing 
anode-to-soil potential, (2) decreasing anode- 
to-soil resistance, (3) increasing amp-hr. per 
pound. At present stage of development it 
is believed that aluminum anodes will give at 
least 675 amp-hr. per pound in_ properly 
prepd. packaged or wet backfills. At 675 
amp-hr. per pound, 1 lb. of aluminum does 
work of 1.12 Ib. of magnesium or 2 Ib. of zinc. 
Relative metal cost per amp-yr. for aluminum, 
magnesium, and zinc, based on currently 
quoted anode prices in carload lots, is as 
follows: 


Estd. Price 

Metal = amp-hr./Ib. Ib./amp-yr. Factor 
Al 675 13.0 1.00 
Mg 600 14.7 1.62 
Zn 335 26.2 1.81 


On this basis, apparent that light metals can 
supply current more economically than zinc. 
Obviously, in addn. to metal cost, installation 
costs must be included in detg. total cost per 
amp-yr. By using packaged anodes, sub- 
stantially reduced installation costs antici- 
pated. Development work now in hand gives 
promise of more amp-hr. per pound and of 
improved packaging techniques, hence not 
unreasonable to expect further improvement 
in cathodic protection by using galvanic 
aluminum anodes.~- Corr. 


Erosion [of Pump Impeller | Proved by Labo- 
ratory Test. GLEN H. INGELs. Southern 
Power and Ind. 64: 6: 61 ('46). Chem. anal. 
and metallographic examn, of worn bronze 
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pump impeller showed that metal substan- 
tially unchanged; this fact indicated that wear 
due to erosion rather than corrosion. Soln. 
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prevented entirely by use of expendable aph tami 


replaceable anode. 


Proper alloy compn, path 


anode and suitable backfill surrounding jt f farm 


of problem: elim. foreign matter from water, _ sential to elec. eff., while c.d. important facto} to hé 
use harder alloy impeller, or reduce speed of — Specification range of suitable magnesium g 
pump.—I.M. loys is: aluminum 5.3-6.7, manganese (min} 
0.18, zine 2.15-3.5, silicon (max.) 0.3, Well 
Cathodic Protection of Pipelines [Use of  (max.) 0-0.5, nickel (max.) 0.003, iron (may} Jou 
Magnesium Anodes]. H. Seymour. Min- 0.003, other impurities (max.) 0.3%, Mag. 36:4 
ing Mag. 76: 6: 339 ('47). Corrosion of metal nesium remainder. Review of value gf serie 
surfaces in presence of moisture for most part magnesium in cathodic installations  giyen| cord 
electrolytic, and may be greatly reduced or  * cont 
fais a4 reste 
HEALTH AND HYGIENE 
15.3! 
Bilharziasis in the Gezira Irrigated Area of evidence of dies a food-borne epi. rao 
the Sudan. R. W. SrerHenson. Trans. demics. In recent years, however, there hav} area: 
Roy. Soc. Trop. Med. Hyg. (Br.) 40:479 been number of instances in which infecte conc 
(Mar. '47). Both forms of bilharziasis, S. well water could be incriminated on epidenj. non 
haematobium and S. mansoni, are endemic ological grounds; and Neefe and Stokes wep 
throughout most of Sudan. Irrigation sys- able to obtain strong evidence that etiological yet 
tem in Sudan includes 2600 mi. of canals and agent of infectious hepatitis was present iq wat 
covers 850,000 acres. There are about _ particular incriminated well by giving watel Stat 
349,000 people in southern district and some from it to human volunteers. Incident emoy 
170,000 in northern district. Yearly influx scribed by present author is good example fant 
of migratory workers during cotton picking probable water-borne infection, as deduced mad 
season. Number of measures used to prevent solely on epidemiological grounds. Bat aitra 
bilharziasis from becoming endemic were dis- _ in Italy in ’45 was in action on series of ri bona 
cussed. Investigations were made to deter- where it dug in. There were 4 companies pont 
mine present conditions. Incidence of S.A, B, Cand D, and headquarters unit. Com pxce' 
haematobium was high throughout area, and panies A, B and C separated, with C in center 
infection rate among children was much and members of D company divided among poi, 
greater than among adults. Infection due to them. Headquarters unit and C company Case 
S. mansoni was widespread. Canals were used common well. A and B companies each} 1946 
found to be heavily infected with bilharziasis had own well and members used that at head] Cy, 
snail. Control of disease was attempted by quarters only when on duty in area. Fir} pul, 
disinfecting the canal. To date all control cases of hepatitis occurred on Mar. 27, ¥ pres, 
measures have failed. It is believed that days after battalion moved into this area, an‘] thor 
reduction in snail population and control of — there were 100 cases of hepatitis with jaur] epid 
growth of weeds in canals will aid in reducing dice under treatment in hospital on May || (4) 
incidence of disease. Other control measures Strength of various units not given, but case] obse 
discussed. —P.H.E.A. distributed as follows: C company, 55; hea¢-| side 
quarters, 20; B company, 12; D company, 12 | food 
Infectious Hepatitis. Report of an Out- and Acompany,1. About 75 of 100 patients} pine 
break, Apparently Water-Borne. F.F.HAr-_ in this series were interviewed, and only || or f¢ 
Rison. Arch. Internal Med. 79:6:622 (June (other than man from A company) claime'] cjste 
47). As in poliomyelitis, there are various to have had no water from well serving (} with 
schools of thought as to what is common company and_ headquarters. Except fe} sup, 
mode of spread of infectious hepatitis. Virus well water, no essential difference found be} Gar 
has been detected in feces, urine and blood tween conditions experienced by A and (| jids 
only, and not in naso-pharyngeal secretions,so Some men who had drunk as little as 9 pear 
that view that intestinal-oral route is respons- canteens of water became jaundiced. Well wa: 
ible is favored by many. Although there was of loose stone type of construction, ant} ima] 
have been small outbreaks of infectious there was abundant evidence of fecal con} Yai 
hepatitis in which attempt has been made to tamination of ground immediately uphill poo} 
incriminate milk, there has been no clear-cut from it. Water found to be heavily con} of h 
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dable apf taminated with coliform: organisms, but no 
‘ompn, @ pathogens isolated. Italian family living at 
ding it ef farm had been there for 22 years and claimed 
ant facto} to have been free from jaundice.—B.H. 

lesium 

"se (min} Nitrate Levels in Water From Rural Iowa 
3, cope Wells. A Preliminary Report. GartH 
On (max} JOHNSON ET AL. J. Iowa State Med. Soc. 
mag) 36:4 (46). Data from nitrate detns. of 
value gj series of privately owned wells in Iowa re- 
NS given | corded. Significant number of wells found to 
|contain nitrate in amt. demonstrated to pro- 
duce cyanosis in infants. Of 243 dug wells 
vested during first 6 months of '45, nitrate-N 
content exceeded 20 and 50 mg./l. in 28.9 and 
15.3% of cases, resp. ; in one instance nitrate-N 
content over 500 mg./l. Implication ‘clear 
Ne €pil shat hazard to infant health exists in rural 
here hay, areas of Iowa. Precise cause of high nitrate 
infected concns. in wells sampled in this study un- 
epideni. known. C.A. 

kes wer 
tiological Methemoglobinemia From Nitrates in Well 
resent in Water. FREDERICK J. CHAPIN. J. Mich. 
Ng watel State Med. Soc. 46:938 (’47). Marked meth- 
dent de emoglobinemia appeared in 4-weeks-old in- 
fant about 20 hr. after ingestion of formula 
made with boiled well water containing N as 
nitrates, 243.5; chlorides, 200; and _ bicar- 
bonate as CaCOs;, 339 ppm. Water was not 
contaminated. Methylene blue therapy gave 
excellent results..—C.A. 


Poliomyelitis: Study of an Epidemic of Forty 
ompany Cases, Key West, Florida (May—August 
lies eactl 1946). Part I. D. Davis 
at head] Cyartes M. SILverSTEIN. U.S. Naval Med. 
. Firs} Bul. 47:910 (Sept.-Oct. '47). This article 
27, Mpresents detailed account of epidemic, 
rea, a0! thoroughly discussing: (1) epidemiology, (2) 
h jaur- epidemiological history, (3) incubation period, 
May || (4) predisposing factors and (5) clinical 
\ Modes of transmission con- 
5; heat-| sidered were: direct contact, water, milk, 
any, 12! food, flies and sewage pollution. Water was 
patient! piped from Florida City and chlorinated three 
only or four times before use, and several hundred 
claime: cisterns still in use have cross connections 
ving \! with pipelines. Milk, tested regularly, was 
Pt fl supplied by two dairies near Miami. 
und be] Garbage disposal was poor. Cans overflowed, 
and C) lids fit improperly, and burial of garbage on 
e as! near-by island was futile attempt because of 
W swampy conditions. Numerous domestic an- 
mn, an} imals kept in city encouraged fly breeding. 
al con} Main method of sewage disposal was by cess- 
uphi pool and septic tanks, and sewage from 30% 
ly COM of homes was pumped through city lines into 


ut Cass! observations. 
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ocean near public bathing beaches, where 
gross pollution often could be observed near 
shore. Factors incriminated, in order of 
importance, were: (1) repeated “‘direct con- 
tact’’—18 cases of 40 had mingled in groups 
and with residents of Miami, where epidemic 
reached its peak when Key West epidemic 
began; (2) swimming at polluted beaches—8 
cases of 40 swam there 2—3 wk. before onset; 
(3) garbage disposal and flies—at homes of 
15 cases of group of 24, conditions were bad 
on premises or next door. Spraying city of 
Key West with DDT and chlorinating sewage 
from city lines commenced at start of epi- 


demic.—P.H.E.A. 
Epidemiological Studies on Typhoid in 
Venezuela. Dario CurRIEL & RICARDO 


ARCHILA, with collaboration of J. A. Jove & 
OFELIA ITuRBE. XII Conferencia Sanitaria 
Panamericana. Cuadernos Amarillos. Pub- 
licaciones de la Comision Organizadora, No. 5 
(46). This booklet of 176 pages published 
by organizing committee of 12th Pan-American 
Sanitary Conference. It deals with 3 out- 
breaks of typhoid fever in Venezuela, and 
thorough investigation made in each epidemic 
is exemplified by profusion of | statistics, 
graphs and maps which are to be found on 
nearly every page. First and longest article 
is study of epidemic of typhoid in Altagracia 
de Orituco, Guarico State, during Mar.-May 
‘41. After general description of this town 
of 3395 inhabitants, authors deal at consider- 
able length with water supply, which is de- 
rived from Orituco R. either directly or in- 
directly. There are 3 main methods by 
which inhabitants obtain their water. One 
system of distribution is by aqueduct. Here 
river water passes through rudimentary filter, 
composed of stones and rock, situated in river 
bank, and is led to unlined well, about 14 m. 
deep. When well full, water pumped up to 
tank, from which it is distributed to about 
} of population in galvanized iron pipes. 
Neither well nor filter have any protection 
from possible poilution. Next source of 
supply is from basins, which are pits con- 
structed in sand a few meters from river, into 
which water filters from main stream; water 
carried away in containers. About half 
population obtains its water by this method. 
Remainder use river directly or have private 
wells. Bacteriological examination of 
samples from all sources indicated very heavy 
contamination. For example, examination 


of water in aqueduct showed coliform count 
of 240,000 per 100 ml. of water, with 4800 
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colonies per ml. On Mar. 20, '41, because trict.” This area has pop. of 240,78) 
filter gallery required repair, trench dug from persons. In Mar. '40, both number of case, er 
river to well. Land traversed by this trench of typhoid and deaths from typhoid began ind 
grossly contaminated, as many of neighboring _ rise rapidly. This rise continued more graqdy, chil 
inhabitants accustomed to urinate and defe- ally through April, after which there wa, 


cate on garbage in vicinity. Epidemic began rapid fall. There were 68 cases and 16 deaths poe 

early in Apr. ’41 and subsided toward end of during this period. Exhaustive examination whe 

May. Inall, 78 cases were reported and there _ of all possible sources of infection led to con-| con 

were 5 deaths. Before May 9 all diagnoses clusion that water supply responsible.—B y par 

made on clinical grounds alone. Explosive are 

nature of epidemic suggested water-borne The Family and Dental Disease. V. Caries fluc 
infection and spot map of town showed that Experience Among Parents and Offspri hac 

most cases occurred along route of distribution Exposed to Drinking Water Contain tim 

of aqueduct. Women affected more than Fluoride. H. Krein. U.S. Pub. Health} Col 

men and greatest number of infections oc-  Repts. 62:35:1247 (Aug. 29, °47). Number and 

curred in those between 10-14 years of age. of towns in southwestern New Jersey were, oil 
Examination of possible factors in causation until '27, supplied with domestic water which per 

of epidemic eliminated milk, ices, shellfish, was probably fluorine-free. Supply has singe Spr 
vegetables and flies. It was decided that then been obtained from deep wells, and it] jfe 

4 water from aqueduct was reponsible, most has fluorine content ranging from 1.3 to 2) sho 
7 important arguments being that: of total 78 ppm. Children born in area, and not older fluc 
patients, 66 drank from aqueduct alone or in than 19 years at time of this investigation, | 


combination with another source; of 46 exposed to fluorine-containing water all their tha 
patients who drank from only one source, 40 lives, while their parents, aged 30 years or 
used aqueduct; geographical distribution of | more, were not exposed to fluorine-containing late 
epidemic corresponded largely with area of | water during at least first 10 years of life} ay 
town served by aqueduct; and aqueduct In thisarea, 123 fathers and 131 mothers were} yg 
theory explained explosive nature of epi- dentally examined and divided into 3 dental 
demic and also accounted for fact that less caries susceptibility groups—low, medium! py 
immune children suffered more severely than and high, based on the number of DMF teeth} w, 
adults. Next article deals with epidemic in (DMF: decayed, missing and filled). It was} 7: 
Mérida, town of 15,846 inhabitants. This found that children of low DMF fathers had pul 
town receives its water supply by aqueduct at 10 years of age about 0.5 DMF teeth on pre 
from Albarregas R., 98% of houses being thus average, whereas children of high DMF suf 
served. Water supply normally chlorinated. fathers had about 1 DMF on average at that] om 
In '44, there were 36 cases of typhoid and age. At 16 years of age, children of low] ja 
paratyphoid, with 6 deaths. In Dec. ‘44 DMF fathers averaged rather more than 2] ja} 
there was 1 case, but in Jan. '45 there were DMF teeth, and children of high DMF det 
213. Incidence dropped to 27 in Feb. and 2 fathers averaged nearly 4 DMF teeth. Simi- 
in Mar. There were 17 deaths inall. Clini- lar relationship in susceptibility to caries Mi 
cal aspects of epidemic showed little variance | shown between children and their mothers | 4) 
from textbook descriptions and disease was Author concludes that while exposure to 


— 


spread uniformly throughout town. Owing fluorine reduces strength of caries attack, it lt 
to lack of materials, chlorination of town’s is not sufficiently powerful to obscure in- pes 

ous 
water supply ceased on Dec. 22, '44, and for fluence of familial factor.—B. H. lif 
di 


22 days water remained unchlorinated until 
fresh quantity of chlorine gas arrived on Jan. Mass Control of Dental Caries Through the - 


13, ‘45. First cases appeared on Jan. 1. Use of Domestic Water Supplies Containing} ~’ 
Having eliminated milk, ices, food and fliesas Fluorine. F. S. McKay. Am. J. Pub| 
possible vehicles of infection, public health Health. 38:828 (June 48). Recent (June| 
authorities decided that water supply was ‘'47) authoritative source (J. Am. Dent Al 
responsible for outbreak. Public advised to Assn.) predicted! ‘It is estimated that...) 
boil water and mass inoculation was intro- the 3,400,000 children born in 1946... ai} un 
duced; these methods, together with reintro- 16 yr. of age will [each] require 7 fillings and} cre 
duction of chlorination, stamped out epi- 2 extractions and that 40% of those reaching} ho 


demic. Lastly come ‘Some Notes on the 40 yr. of age will require dentures.’ How-| we 

Epidemiology of Typhoid Fever in the ever, evidence has indicated that continuous} ow 

Libertador Department of the Federal Dis- use of fluorinated water during period of po: 
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tooth calcification will produce mass reduction 
in dental decay rate. Such evidence has been 
derived almost entirely from examinations of 
children. Present study based on examina- 
tion during past 3 yr. of adults who lived 
continuously in Colorado Springs, Colo., 
where public water supply in use for 70 yr. 
contains 2.6 ppm. fluorides. Results com- 
pared with similar study at Madison, Wis., 
where water supply contains 0.05 ppm. 
fluorides. In 15-19-yr. age group, Madison 
had 7 times as much decay experience and 22 
times as many extracted teeth per person as 
Colorado Springs; in group of persons 40 yr. 
and older, Madison had 3 times decay experi- 
ence and 32 times as many extracted teeth 
per person as same age group in Colorado 
Springs. Fluorosis in Colorado Springs class- 
ified as “mild.’’ Additional data included 
show that among migratory workers with 
fluorosis decay and tooth loss rates are similar 
to those in Colorado Springs. This suggests 
that inhibitory effect of fluorides once ac- 
quired is permanent and not diminished by 
later migrations to areas where little or no 
fluorides found in water supplies.—F. J. 
Maier. 


Public Health Aspects of Flood Relief. J. 
W. Marspen. J. Roy. Sanit. Inst. (Br.) 
67:568 (Nov. °47). General discussion of 
public health problems which are always 
present during floods. Quality of water 
supply is immediate problem during such an 
emergency. Author reviews efforts made to 
maintain safe water. Daily samples were 
taken for bacteriological examination, and 
determinations of residual chlorine were made 
on water collected at tap in laboratory. 
Modified standard of 0.2 ppm. free residual 
chlorine maintained. There were no 
cases of typhoid fever during this emergency, 
although 6 cases were reported during previ- 
ous 10 yr. Sewage problem was somewhat 
dificult one owing to heavy loads at sewage 
treatment plant, and there was fear that 
sewers would become silted. “Temporary ac- 
commodations had to be provided for flood 
victims, who were bedded in various places. 
Although much food had to be served under 
unusual conditions, there was apparently no 
undue amount of disease. Disinfectant of 
creosote-base type furnished to each 
house with instructions as to use. Cellars 


Was 


was 


were pumped free from water and cleansed, 
owing to necessity of drying house as well as 
possible. 


Additional coal allotments were 
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made to each home. Oil-burning stoves were 
installed in some homes. For cleansing and 
speedily drying furniture and _ coverings, 
portable hot-air drying machine was lent by 
military authorities. This consisted of ap- 
paratus in which hot air is generated at 
temperatures from 150° to  170°C.This 
machine was fairly efficient. At end of 
article, suggestions are given with respect to 
future emergencies of this nature.—P.H.E.A. 


Cross-Connections Causing Illness. H. P. 


Crort. Public Health News. (N.J. State 
Health Dept.) 29:2:38 (Feb. °48) Cross- 
connection defined by N.J. statutes as 


. any device which permits or may 
permit any flow of water into an approved 
public potable water supply from an unap- 
proved water supply.”’ Records of N.J. 
Health Dept. indicate 3 instances of epidemics 
caused by cross-connections. In 1922 cross- 
connections between public and industrial 
supply (river) caused typhoid epidemic of 
114 cases, 18 deaths. Cross-connections were 
thought to be ‘‘protected"”’ by gate or check 
valves. Significant that all typhoid cases 
were concentrated in section of city fed 
through main connected to industrial supply. 
In 1923 similar cross-connection caused 
tvphoid epidemic of 41 cases, 4 deaths. In 
1942 temporary cross-connection at shipyard 
resulted in pollution of public supply and 448 
cases of illness among shipyard employees. 
Following 1922 and 1923 epidemics, State 
Health Dept. adopted sanitary code pro- 
hibiting new cross-connections and providing 
that existing ones could be maintained only 
by permission of Health Dept. Ten years’ 
experience with code led to conclusion that 
effective control of cross-connections would 
be possible only under statutary requirements. 
Health Dept. sponsored bill in state legisla- 
ture. Bill was passed 1 mo. after 1942 
epidemic. Compliance with law has been 
obtained in hundreds of cases without resort 
P. D. Haney. 


to legal process. 


Report of the Division of Sanitary Engineer- 


ing. H. B. Foorr. 22nd Biennial Report, 
Montana State Board of Health, p. 47 
('43—"44). Name changed from Div. of 


Water and Sewage to Div. of San. Eng. in 1944, 
Principal work of division composed of bact. 
and chem. examn. of water samples, review of 
plans and field investigations. Little in way 
of improvements in public water supplies 
during this biennium but in general mainte- 
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nance has been satisfactory. Several com- 
munities in serious need of public water sup- 
plies. Stream pollution studies included 
_ problems on municipal sewage and industrial 
wastes, such as petroleum refinery sugar plant 
wastes. Division has received many com- 
plaints of wet basements and other difficulties 
due to high ground water. Part of difficulty 
Remedy 
for high ground water level caused by irriga- 
tion is adequate drainage, widespread in 
scope. Ice jam in Yellowstone R. near Miles 
City in 1944 caused 14’ flood crest at munici- 
pal water plant intake. Shortly after bomb- 
ing of jam by U.S. Army plane, river sub- 
sided. Arsenic poisoning of private shallow 
(8’-10’) well caused two deaths. When this 
report prepared no definite conclusions 
reached other than that death due to arsenic 
- poisoning, that water contained high arsenic 
content and that it appeared possible for 
arsenic to be carried through ground by water 
from allegedly near-by sources. Contamina- 
tion of ground waters by gasoline was studied. 
From one or more sources, gasoline has 
traveled through soil of one community until it 
has affected number of private wells. Most 
serious condition resulted in explosion of 
gasoline fumes and destruction of building by 
fire. Fumes apparently came through soil 
and from gasoline-contaminated well located 
in building. Best protection appears to be 
securing of water from deeper strata and pre- 
vention of gasoline loss. Work on disin- 
fection of water containing tularemia organisms 
continued and results of experiment indicated 
that disinfection with chlorine was adequate 
to remove this contamination. [See Jour. 
A.W.W.A. 35:902 (July '43).] Extension of 
water testing laboratories in larger cities 
necessary due to requirements of U.S. Public 
Health Service stds.—P. D. Haney. 


Report of the Division of Sanitary Engineer- 
ing. H. B. Foote. 23rd Biennial Report, 
Montana State Board of Health, p. 44 
('45-'46). Principal work of division is 
bact. and chem. examn. of water, field inspec- 
tions and review of plans. Bact. water 
samples from public supplies submitted in 
iced containers. In Montana 115 cities and 
towns and 7 state institutions have public 
water supplies. Of 149 water sources, 92 
from ground and 57 from surface. Popula- 
tion served, 303,500—about 55% of state 
total. Not many major improvements in 
Distribu- 


public water supplies in *45-'46. 
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tion system improvements at Billings gave 
considerable difficulty in disinfection. Qne 
city replaced wood distribution system be. 
cause wood did not withstand soil conditions, 
Considerable planning for new systems and 
improvements under way. Stream pollution 
studies were continued. In ‘45 state legis. 
lature amended stream pollution law jp 
attempt to protect and preserve rights of 
individual water users as well as rights of 
public water supply users. High ground 
water table causes excessive infiltration into 
sewers in most urban areas.—P. D. Haney, 


Conditions and Lessons of an Epidemic. 
HERTER. Monatsbulletin (Swiss) 97. 
89, 126, 181, 208, (in Fr.); 245, 279 (in Ger.) 
(47). Typhoid epidemic at Glion, Switzer. 
land in '45 described. 101 cases of typhoid 
and 16 deaths occurred in pop. of 800. 
Cause was temporarily pold. water supply, as 
it was established that only persons affected 
were those drinking from this supply, which 
comes from glacial springs. Hotel located 
above springs and sewer outlet from hotel 
passes over springs. Cave-in discovered 
over this sewer line and village president 
ordered 2 nearest springs closed off from 
main. Not till 3 weeks later, when epidemic 
broke out, were state sanitary authorities 
notified and chlorination installed. This 
epidemic shows technical incompetence of 
local political authorities, who had neglected 
previous warnings. It shows need of per- 
manent chlorination and of state control of 
supplies. Responsibility for supply should, 
however, belong to community, with techni- 
cally trained man in charge who is free of 
political domination.— Max Suter. 


Revision of the Regulations for Supplies of 
Drinking Water. Hayo Bruns. Gas- u. 
Wasser. (Ger.), 88:5:141 ('47). Carl Dahl- 
haus and Hayo Bruns are preparing this re- 
vision. Medical authorities in Germany 
desire more safety measures and engineers 
more technical details. Not yet decided if 
it will be fixed standard or in form that can 
be more easily adapted to scientific progress. 
Draft shows 5 chapters whose content is only 
outlined and sixth chapter given in full which 
contains draft for well construction. Seems 
to be implied throughout that regulation is 
justified solely because of need for safe drink- 
ing water supply. It is required that the 
water must be free of sickness-producing 
organisms, poisons or substances dangerous 
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to health; but taste, odor, temperature, 
hardness or iron and manganese content can 
be disregarded on occasion. Design should 
be planned for a period of 10-15 yr. ahead, 
with allowance for future extension. Co- 
operation among engineers, planners, hygien- 
ists, Chemists, geologists, hydrologists and 
biologists is recommended. Sanitary and 
nonsanitary supplies shall not be cross-con- 
nected or separated only by a valve. All 
construction shall be done in manner to 
exclude all future contamination. Artifici- 
ally charged ground water shall pass through 
20” of sand; slow sand filters shall have 40” 
sand and rapid sand filters 28” sand. Chlo- 
rination must be done carefully. Persgnnel of 
plants shall be trained in cleanliness and 
have yearly medical examinations. House 
installations shall be checked by plant for 
possibilities of contamination of system. 
Control of rural supplies presents difficulties, 
but supervision by state must be extended. 
In checking on water works, main point is in 
inspection of whole plant; chem. and bact. 
tests are secondary. Installation of water 
supply or well drilling requires a permit. 
No supply can be started until installation 
has been checked by authorities. Water 
works installations must be at least 33’ from 
any source of pollution. Dug and drilled 
wells must be made watertight to at least 10’ 
below ground and surroundings of wells must 
be watertight for 16’ and shall be sloping 
away from well. Many other details are 
given, all for purpose of eliminating pollution 
from wells, pumps, distribution system and 
storage tanks.—Max Suter. 


The Hygiene of Water Supplies. A. SCHEN- 
zeEL. Gas, Wasser, Warme (Austria) 2:19 
(Feb. '48). Thorough discussion of sanitary 
and chemical requirements of potable water 
supplies in light of sad experiences during 
war, including laboratory technique for test- 
ing. —-Willem Rudolfs. 


Asellus aquaticus in the Distribution System 
at Amsterdam. G. P. H. vAN HEUSDEN. 
Water (Neth.) 32:109 (June 10, '48). There 
are several species of Asellus widely distrib- 
uted in rivers, creeks, ponds, ditches, springs 
and lakes and living among decaying vege- 
table matter. Asellus aquaticus is common 
in Holland; males are larger than females, 
being 20 and 15 mm. respectively. A sellus 
first discharged from tap in Amsterdam in 
1923; numbers gradually increasing. A sellus 
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feeds primarily on organic matter in water 
attached to pipe walls. Evidence indicates 
that it multiplies in distribution system; 
females carrying eggs and young have been 
found; there are always white specimens, 
indicating their presence for a long time in 
dark; only one species has been found in 
pumping stations and pipelines. It is as- 
sumed that it enters lines through sides of 
filters. From 1933 to 1940 control was ac- 
complished by frequent sluicing through fire 
hydrants. This was impossible during war, 
with resulting increase in number of organ- 
isms. Studies with numerous poisons showed 
that pyrethrin was best. (Pyrefume used, 
standardized to assay 10 g. of pyrethrin per 
100 ml.) Dose used amounted to 2 gamma 
per 1. Only few live organisms were left. 
—W. Rudolfs. 


Research and Control. Norman J. How- 
ARD. Can. Engr.—Wtr. & Sew. 81: 5: 
22 (May °43). Origin of nonspecific intes- 
tinal disturbances matter of conjecture. At 
present time, seems to be no ground for assum- 
ing that they are water-borne. Possible, but 
rather improbable, that they are caused by 
toxins in treated waters previously subjected 
to excessive poln. Some difference of opinion 
regarding treatment necessary to destroy 
Endameba histolytica, but every reason to be- 
lieve that filtration and adequate chlorination 
will render water supply safe. Recent studies 
regarding poliomyelitis disturbing, but know- 
ing that virus present at times in untreated 
water, would expect many more cases if water 
purif. not effective. Knowledge lacking con- 
cerning possibility of attenuated organisms 
which survive water purif. recovering their 
virulence, but known that environment modi- 
fies morphology and physiological behavior of 
certain organisms. Coliform test remains 
recognized yardstick for assessing water qual., 
but presence of coliform bacteria not definite 
indication that supply unfit for human con 
sumption. San. survey of source aids greatly 
in interpreting results of bact. tests. After- 
growths in distr. system confuse picture, but 
if water entering distr. system sterile and no 
danger of secondary poln., no sound reason to 
question safety of supply if some deterioration 
in qual. occurs. Chloramine treatment only 
means of preventing secondary growths and 
such treatment may become compulsory re- 
gardless of san. necessity if present-day stds. 
of qual. to be met consistently.—R. EF. 
Thompson. 
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A Study of a Method of Concentrating 
- Samples of Water for Bacteriological Ex- 
- amination. O. A. Peso. Rev. Admin. Na- 
cional Agua (Arg.) 11:115:54 (Jan. '47). 
After reviewing literature on this subject, 
author describes his experiences in isolating 
pathogen micro-organisms from water by 
means of their adsorption on aluminum 
hydroxide. Gelatinous ppt. freshly prepd. 
for each expt. by adding slight excess of 
ammonium hydroxide to 12% soln. of al- 
uminum nitrate, and gel washed several times 
in distd. water before being sterilized at 100°C. 
for 15 min. First series of expts. carried out 
in tap water artificially inoculated with lab. 
cultures. Floc added to water, thoroughly 
mixed by stirring, allowed to settle and 
examd. for adsorbed bacteria by inoculation 
on recognized solid and liq. media commonly 
employed for isolation of pathogenic intestinal 
organisms. In case of Salmonella typhi, with 
5 to 7 bacteria per |., this organism was re- 
covered by direct plating on Wilson-Blair 
agar medium and by enrichment in Leifson's 
selenite and Kauffmann’s tetrathionate media. 
When Salmonella typhi mixed with Esch. 
coli in ratio of one of former to over million of 
latter, Salmonella typhi recovered by enrich- 
ment of floc in selenite broth, but not by 
direct plating. Similarly, with cultures of 
~ Salmonella typhi and Salmonella typhi-murium, 
mixed to give count of about 5 of each type 
per |., successful isolations made of both on 
Wilson-Blair medium; and isolations of each 
type from mixt. of Salmonella typhi and 
Shigella flexneri made by enrichment in 
Leifson’s desoxycholate-citrate soln. Second 
series of expts. on recovery of organisms from 
alum ppt. from R. Plata water, artificially 
seeded with pathogenic intestinal bacteria. 
Mixt. of Salmonella typhi, Salmonella typhi- 
murium and Shigella flexneri type Boyd 2 
added to raw river water to give initial count 
of about 10 of each type perl. Ppt. enriched 
in Leifson’s desoxycholate-citrate soln. and 
all 3 types recovered by plating out on SS 
agar. Method of concn. by adsorption on 
aluminum hydroxide that described by 
Diénert and Guillerd and seems very satis- 
factory, particularly in association with types 
of media now available, which have all been 
developed in last 25 years. Author claims 


that recoveries up to 90% of original inoculum 
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have been obtained, and technique should be 

useful for examn. of pold. rivers and streams 

for presence of pathogenic intestinal orgap. 

isms.—B.H. 


Indications Furnished by Bacteriophage op 
the Sanitary State of Water Supplies. 4 
GUELIN & J. Le Bris. Ann. Inst. Pasteyr 
(Fr.) 73:5:508 (May '47). Bacteriophage 
content of samples of water taken from Seine 
above and below sewage outfalls estimated, 
with use of strain of Esch. coli susceptible to 
wide range of phages. Results, which varied 
according to seasonal and _ topographical 
conditions and corresponded roughly with 
coliform counts, suggested that quantitative 
estimate of coli-phage content might be used 
as indication of degree of excretal pollution, 
It is hoped that it may prove possible to detect 
in water samples phages active against ty. 
phoid bacilli and other pathogens.—-B.H, 


American and English Methods of [ Bacteri. 
ological] Water Analysis. J. G. MaArcnat, 
Bull. Assoc. Diplé6més Microbiol. Faculté 
Pharm. Nancy (Fr.) 29:38 ('47). Critical 
discussion of these biol. and biochem. meth- 
ods.—C.A. 


Bacteriological Tests on Bathing Places. W. 
VON GONZENBACH & S. HOFFMANN. Monats- 
bulletin (Swiss) 28:4:84 (Apr. °48).  Funda- 
mental difference must be recognized be 
tween standards for drinking and _ bathing 
water. Very little water is swallowed in 
bathing and therefore pollution limit can be 
higher than for drinking water. To require 
same standard for both waters would be un- 
reasonable. Bacteriological study of 20 open 
bathing places showed that total count on 
agar and coli titer do not go parallel; however, 
coli titer more nearly proportional to number 
of bathers. Indoor swimming pools should 
have higher standards, especially as to clear- 
ness of water. Coli titer is only useful control 
test and should -not 1.0. Bathing 
water should not be made disinfecting solution 
which through too high chlorine content 
affects eyes of some bathers. Chlorine odors 
reduce pleasure and number of bathers and 
thereby act against hygienic benefit which 
bathing can furnish.— Max Suter, 
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pacteriological Tests for Drinking Water. 
BruNS. Gas- u. Wasser. (Ger.) 89:2:55 
48). Bacteriological tests have their value, 
but they should not be sole determining 
{ctor in judging sanitary quality of water 
supply. If field examination shows pollution 
to be evident, bacteriological tests may not 
even be needed. In_ bacteriological tests, 
yniform standards in method have to be used 
to get comparable results. Total count of 
little sanitary value, although it may show 
eficiency of filtration process. ‘There are so 
many types of coli bacteria, so many sources 
from which they may come and so many tests 
that it is difficult to determine what is re- 
ally indication of dangerous fecal pollution. 
Mthough many methods are listed, American 
methods, using E.M.B., brilliant green, micro- 
scopic examination with Gram stain, M.P.N., 
etc., are not mentioned.) Author is skeptical 
about too much differentiation of coli group 
and wants critical interpretation of results to 
be based on additional findings of periodic 
tests and thorough field investigation.— Max 
Suter. 


Some Problems in the Bacteriology of Rivers. 
C. L. Hannay. Proc. Soc. Applied Bact. 
(Br.) ('45). Bact. flora of R. Avon and 
tributaries studied to find extent flora affected 
by discharge of sewage and distance this 
effect persists. Plate counts on nutrient 
agar at 20°C. and at 37°C., and presumptive 
counts of coliform bacteria at 37°C. and 44°C. 
and of fecal streptococci, detd. daily over 
period of several weeks from various sampling 
points. Below sewer outfall, bact. numbers 
increased, and with increasing distance below 
outfall they decreased rapidly. Effect most 
marked with coliform bacteria on McConkey 
broth at 44°C. and with fecal streptococci. 
Below outfall, fecal streptococci decreased by 
97% in less than 3 mi., and below other out- 
fall by 97.4% in 1.9 mi. With methods of 
counting which included bacteria washed in 
from river banks, decreases were of lower 
order. Full effect of marked increase in 
counts after heavy rainfall evident at some 
sampling points on actual day of rain, and at 
other points evident next day. Time taken 
appeared to depend on position of sampling 
point relative to storm water discharge and 
secondary sources of poln. on banks.—Sew. 
Wks. J. 


Detection of Eberthella typhi in Water. 
ALFREDO ARMANDO STEFANILE. Rev. facul- 


tad Cienc. Quim. (Argentina) 20:91 ('45) 
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(Pub. °'47). Comparison of results of in- 
cubating samples of suspected waters known 
to contain Esch. coli in several media which 
are expected to suppress growth of other 
organisms and promote that of Eberthella 
typhi. Medium of Leifson detected more 
contaminated samples than did that of 
Kaufmann-Miller; for added assurance, both 
should be used. Medium of Wilson-Blair was 
used for isolating. If negative results are 
obtained after 24 hr. of incubation it should 
be continued for 48 hr. more. Plating upon 
the lactose-litmus isolation medium and also 
the brilliant green agar of Kristensen, Lester 
and Jurgens requires 24-hr. incubation, and 
Na desoxycholate agar medium of Wilson 
Blair requires 48 hr.—C.A. 


Field Investigation of Paratyphoid Fever With 
Typing of Salmonella paratyphi by Means of 
Vi Bacteriophage. Monthly Bul. Ministry 
of Health & Pub. Health Lab. Service. (Br.) 
6:148 (Aug. '47). From '39 to '45, nine cases 
of paratyphoid fever occurred in Beccles, 
Suffolk. All ran mild course, occurred in 
boys and girls between ages of 10 and 13 
years, and were discovered each year between 
8 July and 20Sept. In’41, E.C.G. Maddock 
of Ministry of Health suggested that possible 
source of infection was Beccles bathing pool 
on river Waveney. In ‘44, A. Felix and B. R. 
Callow identified, by bacteriophage typing, 
strain which infected 3 boys who had used 
Beccles bathing pool that summer. This 
strain did not fall within 5 Vi bacteriophage 
types then recognized and was provisionally 
referred to as Vi-type Beccles. Because of 
known risk, bathing pool has been closed 
since '45; nevertheless frequent yearly samples 
of water from about 200 yards above bathing 
pool to nearly three-quarters of mile below it 
yielded Salm. paratyphi B of Vi-type Beccles. 
Sewage disposal of bungalows in vicinity of 
bathing pool investigated and in July ‘46 it 
was found that settling tank of one set of 
buildings could not be located. It was then 
discovered that there was in fact no settling 
tank, but that drain led directly into river by 
submerged entrance. Furthermore, sample 
from house drain yielded paratyphoid bacilli 
of Vi-type Beccles and 2 apparently healthy 
carriers found among persons who used toilets 
in these buildings. After these findings, 
toilets of this set of buildings disconnected 
from drain, night soil being dealt with by 
other methods. Since this was done, all 
samples of river water have been consistently 
negative.—B.H. 
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Quaternary Ammonium Germicides—-A Dis- 
cussion of Methods for Their Evaluation. 
R. A. Qutsno, M. J. Forer & H. L. RuBEN- 
KOENIG. Soap, 23:6:141 (June '47). Quat- 
ernary ammonium compounds, when tested 
by phenol coefficient methods, give irregular 
and unduly flattering results. These authors 
do not agree with Klarmann and Wright 
that apparent sterility in such tests due to 
migration of bacteria to walls of tube, whence 
sampling with loop will not remove them. 
In support of this contention, they give results 
_ of tests performed in tubes made of 7 different 
materials which might be expected to affect 
bacterial migration and apparently did not. 
Modifications of test which they have studied 
include shaking medication tubes, introducing 
glass beads which are removed for cultivation, 
and cultivation of whole of test mixture in 
- medium containing reagent which neutralizes 
- germicide. This reagent is lecithin rendered 


ethylene derivative of sorbitan mono-oleate 
This constituent can be added to either broth 
or agar and effect is to reduce coefficient ob- 
tained considerably. When agar used, and 
colony counts can consequently be made, 
there is considerable range of germicide dilu- 
tions in which only few survivors persist. 
When such agar run into medication tube it- 
self after pipetting out test mixture, results 
~ are obtained which suggest that some bacteria 
survive on surface of test mixture; a physical 
explanation of this is suggested. General 
conclusion reached is that phenol coefficient 
methods are unsuitable for testing germicides 
so dissimilar to phenol as these compounds, 
although such methods can be improved by 
modification. Authors favor use of variety 
of tests for different types of germicides, based 
conditions of their use.—B.H. 
A New Medium for Study of Quaternary 
Bactericides. FE. H. ARMBRUSTER & G. M. 
RIDENOUR. 23:8:119 (Aug. '47). 
Serious fallacy in testing disinfecting power of 
quaternary ammonium compds. is carry-over 
of disinfectant from medication tube to 
culture tube, where very minute trace will 
suffice to prevent growth of viable organisms, 
especially if they are staphylococci. Authors 
have devised culture medium which over- 
comes this difficulty, action of which depends 
on neutralization of this class of disinfectant 
by phosphatides. It consists of proprietary 
thioglycollate broth to which are added 
Asolectin (purified phosphatide prepn.), 
“Tween 80" (polyoxyalkylene sorbitan mano- 


Soap, 


“WATER WORKS LITERATURE 


Jour. AW WA 


laurate, which acts as dispersing agent for 
foregoing and also has direct neutralizing 
effect), and small amt. of agar. Four quater. 
nary ammonium disinfectants tested in yar. 
ous ways, by means of 2 different transfer 
techniques and 2 organisms (Salmonellg 
typhi and Staph. aureus), and with both this 
medium and that prescribed for the Food 
and Drug Admin. regular disinfectant test. 
Full results given. These are not analyzed 
and cannot be accurately expressed in any 
condensed form, but phenol coefficient ob. 
tained by ordinary Food and Drug Admin. 
method will be from 40 to several hundred 
times greater than that given when this 
medium used (e.g. cetyl pyridinium chloride 
v. Salmonella typhi—all cultures neg. from } 
in 150,000 in Food and Drug Admin. broth: 
all pos. from 1 in 1,000 in authors’ medium) 
—B.H. 


NAIDM-USDA Report on Quaternary 
Ammonium Testing. L. S. STUART. Soap, 
23:9:135 (Sept. ’47). Abbreviations in title 
stand for National Assn. of Insecticide and 
Disinfectant Mfrs. and U.S. Dept. of Agricul. 
ture, which have collaborated in study of 
methods of testing quaternary ammonium 
compds. as disinfectants. Author of report 
on staff of U.S. Dept. of Agriculture; not clear 
whether report official pronouncement having 
authority of that department. Study on 
which it is based consisted of supplying 3 dis- 
infectants of this type to cooperating mfrs.’ 
labs., where their phenol coefficients detd. by 
Food and Drug Admin. procedure with vari- 
ous modifications. Pooled results analyzed, 
and show wide variation: “‘skips’’ also com- 
mon in results of individual tests. [‘‘Time- 
skip”’ pos. culture from tube apparently sterile 
when previously sampled, and ‘diln.-skip” 
pos. culture from tube contg. lower concn. of 
disinfectant than one sampled at same time 
and yielding no growth.] Not altogether 
clear from report how or why these results 
point to desirability of particular modifica: 
tions of Food and Drug Admin. method, but 
recommendations given. Test with Salmon- 
ella typhi performed in conventional way, 
chief innovation being use of culture medium 


contg. ‘Tween and Asolectin which 
neutralizes disinfectant carried over with 
inoculum. In test with Staph. aureus, 


culture of organism dried on glass rings which 
are immersed in disinfectant dilns. and trans- 
ferred without washing to tubes of same 
neutralizing medium.—B.H. 
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The Causes and Effects of Sedimentation in 
Lake Decatur. Cari B. Brown, J. B. STALL 
« E. E. DeTurK. Bul. No. 37, Ill. State 
Water Survey (47), 62 pp. L. Decatur, 
municipal water supply reservoir of Decatur, 
[Il., located on Sangamon R. at edge of city. 
It has drainage area of 906 sq.mi. When 
built in '22, reservoir had surface area of 2805 
acres and storage capac. of 19,738 acre-ft. 
Sedimentation survey made in ‘36 showed 
capac. loss of 1.0% annually. Second survey 
made in ‘46 showed loss of 1.2% since '36- 

20% increase. By '46, surface area of lake 
had been reduced 201 acres and capac. by 
3171 acre-ft. or 26.2%. Consumption of 
lake water by city and local industries has 
increased from avg. of 340 mil.gal. per month 
in 37 to avg. of 428 mil.gal. per month in '44. 
Future annual increase in avg. monthly con- 
sumption estd. to be at rate of 8.7 mil.gal. 
In 36 yr. (‘08-"45) there have been 7 periods 
of 6 consecutive months in which stream flow 
at Decatur has been less than present or near- 
future demands on lake (withdrawal for con- 
sumption plus estd. losses from evapn. and 
seepage). Lowest flow for 6 mo., 3573 
acre-ft., which occurred in '14-'15, estd. to 
have recurrence frequency of once in 35 yr. 
Increasing Consumption and decreasing stor- 
age capac. of lake will result in water shortage 
by '59 if 6-mo. low flow equal to that of 
1415 should recur. City, however, should 
guard against probability of even smaller 
inflow. Considered desirable to provide 
storage to offset min. flow of 2500 acre-ft. in 
6 mo., which is estd. to have recurrence fre- 
quency of once in 50 to 100 yr. To provide 
against this contingency will require addnl. 
storage by '56. Thus, because of sedimenta- 
tion, supplementary storage should be pro- 


vided when present lake 34 yr. old. If no 
sedimentation had occurred, present lake 
would have been adequate for 78 yr. Estd. 


avg. annual inflow to lake from '23 through 
35 was 68,000 acre-ft. greater than that from 
‘36 «through °45. During earlier period, 
stream flow exceeded 1000 cfs. for 44.6 days 
per year on avg.; whereas during later period, 
it exceeded this rate only 36.7 days per year. 
This indicates that hydrologic conditions 
more favorable to erosion and sedimentation 
during earlier period. Actually sedimenta- 


tion rate 20% greater during later period. 
About } of land in drainage area above Lake 
Decatur has slopes of less than 2%. 


Re- 


maining }, except for ys of 1%, has slopes 
ranging from 2 to 15%. Area broad, gently 
rolling glacial drift plain in heart of Corn Belt. 
Its black prairie soils intensively used for 
agriculture. In typical county—Piatt—in 
'43, approx. 31% of land was in corn; 334% 
in soybeans; 11% in small grain; 144% in 
hay and plowable pasture; 2% in woodland; 
and 8% in other uses. About 62% of farms, 
embracing 72% of land, tenant-operated. 
Soil conservation practices planned on only 
4.2% of land to July 1, '46, and only about 3 
of planned practices installed. Turbidity 
and stream-flow records, anal. of lake sedi- 
ments, and repeated observations and expts. 
on land, show that lake sediment derived from 
all parts of drainage area. Estd. that at 
least 90% comes from sheet erosion, primarily 
from corn and soybean fields on slopes of 2 to 


15%. Only 10%, or less, comes from gully, 
stream-channel, and_ shoreline erosion. 
Measurements in lake show that shoreline 


erosion contributes between 1.6 and 6.6% of 
total sediment. From '36 to 46, 2,650,000 
tons of sediment deposited in lake, while 
estd. 750,000 tons passed over spillway. This 
constitutes loss of 3,400,000 tons of soil from 
farms of drainage area during 10 yr. Al- 
though this only part of total soil loss, it 
is equiv. to complete removal of 7’’—plow 
depth—of fertile topsoil from 3400 acres of 
land. Anal. of plant nutrients in reservoir 
sediment shows loss from farmland during 
24.3 yr. of 2,478,600 Ib. of active nitrogen 
worth $223,560, and available org. phosphorus 
worth $85,050. Much larger losses are in- 
volved in 12,000,000 Ib. of reserve 
nitrogen in org. matter and some 3,500,000 
lb. of total phosphorus included in sediment 
inflow to lake. 20% increase in avg. rate of 
sedimentation during 10 yr., °36-'46, as 
compared with preceding 14.2 yr., attributed 
to progressive increase in intensity of land 
use for intertilled row crops. In Piatt 
County, land in row crops increased from 
approx. 39% in '24 to 644% in '43. In- 
crease due mainly to soybeans. Present rate 
of sedimentation estd. to be 30% above avg. 
rate prior to '36. Possible remedial measures 
for maintg. water supply and other values 
associated with L. Decatur include (1) 
raising present dam, (2) constr. of several 
small reservoirs on tributary streams, (3) 
constr. of one or more sizable reservoirs on 
Sangamon R. above L. Decatur, and (4) 


some 
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soil conservation measures on drainage area. 
Dredging not considered economically feasi- 
ble at present. Complete program of soil 
conservation on drainage area should include 
reduction in acreage of land used for intertilled 
crops, crop rotations involving no more than 
2 yr. in 4 of intertilled corn and soybeans, 
contour planting; and where required, terrac- 
ing, diversions, grassed waterways, drainage 
and other practices. Estd. that complete 
conservation program would reduce sedi- 
mentation by 62% from its avg. rate during 
10-yr. period, '36-'46, or by 65% from prob- 
able present rate. This conservation program 
would result in higher level of farm income 


and maint. soil resources of area, as well 


as protect L. Decatur. Soil Conservation 
Dists. organized in each of 6 counties in 
drainage area provide means for accomplish- 
ing needed soil conservation work. Estd. 
that past and future sedimentation will cause 
damage to Decatur’s water storage facilities 
equiv. to $200 per acre-ft. or $47,200 annu- 
ally at 10-yr. avg. rate of 236 acre-ft. of 
deposits. In addn., estd. future loss of 
$4,375,000 in property values adjacent to 
lake may result if lake permitted to become 
80% filled with sediment. Further damage 
to community estd. at $40,000 annually will 
result from loss of recreational facilities if lake 


allowed to become 80% silted. Probably 


city would be justified in spending $100,000 
annually over next 100 yr., or equiv. present 
worth now, to effect reduction of sedimenta- 
tion to 38% of its 10-yr. avg. rate. Further- 
more, farmers of area have large stake in 
maintg. industries and trading outlets in 
Decatur and can afford to protect their own 
solids in order to protect water supply of city. 
This investigation, together with data on few 
other reservoirs in Illinois, indicates that 
sedimentation is critical problem in utiliza- 
tion of impounding reservoirs. In ‘44, 62 
cities and towns in Illinois depended on im- 
pounding reservoirs subject to sedimentation. 
Widespread constr. of addnl. municipal reser- 
voirs appears probable.—Ed. 


Colorado River—Silt Channel Dredging Is 
Planned. R. W. Davis. Western Constr. 
News. 22:10:71 (Oct. '47). Colorado R. 
rises in Rocky Mts. of Colorado and Wyo- 
ming, flows 1400 mi. through high plateaus, 
deep canyons and broad alluvial desert 
valleys to Gulf of California. Prior to constr. 
of Hoover and Parker Dams over 150 mil. 
tons of silt carried into alluvial valleys in- 


undating area at floodtime. At Needles, 


Calif., river flows through alluvial valley 25 
mi. long and 2 to 5 mi. wide. In past years 
considerable meandering of river has occurred 
in valley accompanied by general rise in water 
level. Rose 11 ft. from '02 to '35 whep 
Hoover Dam constructed. No rise from "35 
to '40 but since '40 rise has been greater than 
before. This presents serious threat to city 
of Needles and extensive Santa Fe Railway 
shops and facilities because old levees are 
being overtopped. Vast areas being trans. 
formed into marshy swampland besides 
threat to transcontinental railroad. Apy 
extra discharge from Hoover Dam would 
cause extensive damage to Needles and rajj. 
road. Bureau of Reclamation assigned C, P. 
Vetters to investigate and report remedial 
action in "44. Permanent corrective meas. 
ures not initated because of lack of congres. 
sional authority, but emergency measures 
started by raising levees and installing pumps 
to reduce el. of seepage ponded water. 
Causes and contributing factors to condition 
described. Characteristic of silt-bearing river 
is fluctuation of alluvial bed with rise in bed 
during slow discharge and lowering of bed 
during floods. Valleys limited in Colorado 
R. system and separated by mountain chains 
and gorges with many washes discharging 
into stream. Floods from washes cause rise 
upstream because of rocks carried and cleared 
away by great floods in river. From '35 to 
40 river below Hoover Dam silt-free but in 
41 river began to scour, picking up deposits 
years old. Parker Dam at south end of 
valley closed in ’38 causing reduction in river 
veloc. Caused vast swamps of tules and 
willows to grow between Needles and Topock 
with no definite channel for river. Addal. 
reduction in veloc. of river caused more 
sandbars to develop, further hindering flow. 
Bureau of Reclamation secured amphibious 
vehicles after war for use in survey of swamp 
areas. Problem is opening channel of sufh- 
cient capac. to handle normal flow of river, 
Plan channel 250’ wide, 17’ deep, spoil to be 
used as levee. Will provide temporary relief 
to Needles and endure for approx. 6 years. 
New Davis Dam being built above Needles 
will control silt and may obviate necessity for 
second channel. Purpose of levee twofold: 
prevents loss of water, makes possible recla- 
mation of large area. Brief description of 
proposed dredge.—A. C. Rener. 


Influence of Weather on Town Water Con- 
sumption. C. J. LEADBEATER. a 
wealth Engr. (. \ustralia) 34:363 (Apr. 1, 
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Effect of seasons, pptn., number of wet days 
in period, temp., humidity, and hours of 
sunlight on water Consumption discussed in 
previous article. Geographical location, al- 
titude, winds, local topography and geology, 
ical layout, local circumstances and war con- 
ditions relative to water consumption briefly 
discussed in this article. Formula for estn. 
of future water consumption—based on 
gallons per service or per head, effects of 
temp., humidity and number of wet days in 
period under anal.—developed, with charts 
and illustrations. —P.H.E.A. 


Hydrological Considerations in the Enlarge- 
ment of Urban and Rural Water Supplies. 
Ernst BECKSMANN. Gas- u. Wasser. ‘(Ger.) 
99:4:116 (48). 1947 year of extreme drought 
in Europe. With increase of population be- 
cause of refugees from Russian zone, many 
German communities had water shortage. 
To relieve this in presence of shortage of ma- 
terials forced intensive studies of original 
water source. Many springs found to collect 
only part of available water. In rock springs 
collecting system must be extended to crevice 
inrock. Care must be taken to avoid bacteri- 
ological contamination, which may not exist 
during drought, but may show up only during 
wet period. Often water from crevices in rock 
can be collected by shallow wells in sands of 
valley deposits. Measurements of yield of 


Well Poliution by Chromates in Douglas, 
Mich. Mich. Wtr. Wks. News. 7:3:16 
(July '47). Michigan Dept. of Health in- 
formed by phone that water from west wells 
at Douglas had turned yellow. Wells taken 
out of- service pending report on sample. 
Dept. lab. reported chromate content of 10.8 
ppm. Source of contamn. not difficult to 
locate. About 3 yr. before, metal plating 
works established in town and dischgd. 
chrome and cyanide wastes into a pond, from 
which it overflowed to east and finally disap- 
peared entirely below ground surface about 
1500’ east of plant. West wells of village 
located approx. 1000’ north of waste pond. 
It took, therefore, about 3 yr. for chromate to 
pass horizontally through 1000’ of sand to 
wells. This movement aided materially by 


drawdown produced through use of wells. 
This offers good example of time required for 
water passage through the drift. Likewise, 
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wells and of ground water levels necessary 
over long periods to decide selection of source 
of water. Wells age, and rehabilitation usu- 
ally gives only temporary relief. New wells 
will be needed but should be located with view 
to futuge extension. Safety zones around 
wells should consider extent of protective 
cover over whole watershed of well. Safety 
zones may not be needed, even in Cities. 
Circular zones unnatural and may help con- 
science of designer more than protection of 
water.—Max Suter. 


The Role of the Forest as a Water Resource. 
WALTER CARLE. Gas- u. Wasser. (Ger.) 88: 
4:118 ('47). Investigations by Schubert, 
Engler, Burger, Valek, Bates and Henry 
reviewed. Direct evapn. less in forest than 
in open country, but if water use by plants 
added, total evapn. about equal. Measure- 
ments in mountainous terrain show that 
forest valleys have higher infiltration, shal- 
lower frost penetration, more ground water 
storage, more uniform runoff and less erosion 
than nonforest valleys. For flat countries 
no such data available, but it has been shown 
that here evapn. more uniform on forest land 
than in open country. Forest in plains 
often reaches its roots into ground water 
zone, increases humidity of air, and so im- 
proves climatic conditions. Conservation of 
forest necessary.— Max Suter. 


should poln. of ground structure cease now, it 
could be prophesied that water from east 
wells would not be free of chem. poln. for at 
least 6 yr. and perhaps much longer. Wells 
of local dairy were similarly contamd. and 
abandoned and at dept.’s request village 
council asked to condemn all private wells in 
village since there was no way of keeping 
close check on their water qual. Even more 
serious was possibility for contamg. east wells 
of village. Should these become contamd. 
town would be without public supply. 2500’ 
intervened between wells and point where 
waste finally disappeared beneath ground 
surface. Wells located at much lower el. 
than origin of waste and since they are 
operated 18 or more hr. each day possibility 
for contamn. good. Weekly samples being 
sent to dept. for check purposes. To date 
samples have all showed absence of chromates. 
—Ed. 
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Water Well Handbook. Keitn E. ANpER- The Optimum Length of a Series of Wells | ya 
son. Missouri Water Well Drillers Assn., B. A. VAN Nes. Water (Neth.) 32:22 35} pis 
Rolla, Mo. (’47). This handbook is no text- (Feb. 5, 19, ’48). Mathematical solution for | fluc 
book but very good compilation of useful data required length of series of wells for hourly | W. 
for well drillers. Data on theoretical sections capacity sufficient to maintain minimyp 
kept very elementary, but detailed informa- annual capital and exploitation costs. Cop. 


tion presented on cables, piping and wiring. versely, when length of series of wells is givey Al 
Between tables are inserted short explanatory formula developed will indicate capacity of | ™ 
remarks. Water requirements, drinking _ field.—Willem Rudolfs. Mu 
water stds. and water chemistry treated 
sufficiently for well driller’s needs; well : ati 
The Extraction of Water From Small Groung | cha 
pansion. Some data on well permits should Wasser. (Ger.) 89:5:142 ('48). Extracti ; ait 
a>: . . owe ~ . 10n spl 


be given, as they are so variable from state to 
state. In all, it can be said that booklet of 
200 planographed pages brings together in 
very convenient form mass of data needed by 
well driller that is otherwise scattered through 


of water from small ground water streams | wa 
offers difficulty only when it is desired to | tab 
obtain most of water in stream. Some of | lev 
ground water will always by-pass installation 
Well systems across stream will have large 


i ications.— Max Suter. 
many different publications fax Sut losses as wells cannot be drilled close to edges Gn 
of valley stream. More complete extraction Are 
Subsurface Weirs and Dams. W.Guempen. 2% be obtained with infiltration pipe or - 
Tock, et Munic. Fr.) 42-70 (Sept “gallery built across whole valley along bot 
Oct. '47). Underground weirs and dams are pearing his pipe of 
f Should be gravel-packed, and extraction can 
logical applications of modifications and vari Cl 
oge ° ° > pec -rvious bs 
ations of permeability of subsoil, as imitation 
of nature. After proper study of probable downstream side of pipe. Collecting well | 
has to be at lowest point of pipe and inspection wal 
basin and different factors pertaining to Wa 


s wells needed on long lines.— Max Suter. 
hydrology, climate, geology and topography sho 


of surface, they are easy to construct. Sub- 
terranean weirs, of natural impermeable 


Rational Equipment for a Well of High Yield 


in Alluvial Deposits. A. Viserr. Genie | Ge 
ateriz or f amentally surface 
material, differ fundamentally from surface Civil (Fr.) 124:13:250 (July 1, '47). Eco. § Pa 


reservoirs in conception, execution, objective 
and long-range development. Subterranean 


| 


nomic reconstruction in devastated areas} Col 
requires that wells be designed with dimen- | Sat 
ee Cnge with natural aquifers, sions to give greatest yield. To obtain this, Mc 
available for various purposes. They require wel] should not only be driven to bedrock, | Bo: 
3 essential elements: permeable bed, under- but should have a suction pit of large diam, | 135 
ground weir or dam and natural or artificial Casing should go down to drawdown level of | clu 
infiltration.—W’. Rudolfs. highest yield. Diam. of screen should be 
large in order to produce slow velocities in | Gp, 
eer . . gravel around screen, although not important 

Divining Rod Unreliable for Locating Water ,,, keep all fine material from entering well, > 


Supplies. Abstract from report by L. KErITH as this will clear up soon. Screen should | of 
Warp. Commonwealth Engr. (Australia) offer little resistance to flow of water. Screen Th 
35:83 (Oct. 1, '47). Author, former govern Hyuilt of hollow brick recommended, laid in | che 


ment geologist in South Australia, recom- rings inclined toward outside at slope little pot 
mends geological study as best procedure for steeper than angle of repose of gravel. Gravel £0 
selection of sites for water wells, and con- packing should be of avg. grain size of alluvial 
cludes: “The writer has reached the con-  deposit.—Max Suter. G 


clusion, after the careful consideration of the 
claims made by diviners of all kinds and the Recharge of Aquifers. R. Soyer. Tech, W 
actual results obtained at sites selected by Sanit. et Munic. (Fr.) 42:58 (Sept.—Oct. '47). , 
them, that there is at the present time no Artificial recharge of aquifers has been ’ 
mechanical device, nor... powers that practiced since end of 19th century in Europe 
can be relied upon to indicate without fail and was more recently perfected in U.S. In Re 
the presence or absence of water at a given France, where subsurface water abundant, | che 
site.""—P.H.E.A. intensive pumping shows decline of available Za) 
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water. Certain water levels cannot be 
raised by recharging, but where water table 
fuctuates with seasons, recharge feasible.— 
W. Rudolfs 


A Recent Example of Artificial Recharge of 
an Aquifer. A. AcuTeN. Tech. Sanit. et 
Munic. (Fr.) 42:76 (Sept.—Oct. '47). Author 
states that ground waters cannot be system- 
atically exploited to fullest extent with re- 
charging. Town of Ligny, pumping 8000- 
12,000 cu.m./day, had to abandon supply in 
spite of fact that originally 400,000 cu.m. of 
water was available.' Recharge raised water 
table, which had dropped about 30’, to original 
level —W. Rudolfs. ; 


Ground Water Investigations in the Mobile 
Area, Alabama. Cart G. B. PETERSON. 
Alabama Geol. Survey Bul. 58:1 ('47). Ex- 
cessive withdrawal of water from shallow 
wells 25’-90' deep has caused encroachment 
of sea water which has flowed up Mobile R. 
Cl content where salt water has encroached 
varies from 52 to 8650 ppm. = Anals. of ground 
water and Cl content of well waters given. 
Water sands 700’-800’ deep have not yet 
shown salt water encroachment.—C.A. 


Geology and Ground Water Resources of 
Parts of Lincoln, Elbert and El Paso Counties, 
Colorado, With Special Reference to Big 
Sandy Creek Valley Above Limon. THAD G. 
McLauGHLIN. Colo. Water Conservation 
Board, Ground Water Service Bul. No. 1, 
139 pp. (46). Anals. of 30 well waters in- 
cluded.—C.A. 


Ground Water in the Halifax Area, North 
Carolina. M. J. Munporrr. N. Carolina 
Dept. of Conservation & Development, Div. 
of Mineral Resources, Bul. 51, 76 pp. ('46). 
This includes many logs of wells and 49 
chem. anals. of waters. Water generally 
potable, but in few wells rather hard, owing 
to presence of Ca and Mg bicarbonates.—C.A. 


Ground Water Resources of Bexar County, 
Texas. PENN LIvINGSTON. Texas Board 
Water Engrs. ('47). More than 100 anals. 
of waters included.—C.A. 


Relationship of Ground Water to the Dis- 
charge of the Leona River in Uvalde and 
Zavala Counties, Texas. PENN LIVINGSTON. 
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Texas Board Water Engrs. ('47). Thirteen 
anals. of spring waters included.—C.A. 


Anderson Uses Horizontal Well Supply. 
Anon. Am. City. 43:4:97 (Apr. '48). In- 
creased pollution of White River and greater 
water demand required Anderson, Ind., to 
seek new supply. Horizontal collectors from 
4 caissons tap aquifer fed from Killbuck Creek. 
Yield 15.0 mgd. Corporation established by 
city obtained construction funds from insur- 
ance company. City operates system and 
pays corporation which reimburses insurance 
company. In 15 yr. city will acquire system 
from corporation for $1.00. Cost of system 
approximately $500,000. New supply softer, 
requires no treatment, has more constant 
temperature and is delivered at no increase in 
customers’ rates.—F. J. Maier. 


An Eight-Mile Search for Water. L. E, 
StaRK. Am. City 43:4:104 (Apr. 
Wells drilled near Marshall, Mo., during last 
50 yr. have gradually deteriorated in quality 
and availability of water. During same 
period demand increased. Zeolite softener 
installed in '32 abandoned because of insuf- 
ficient water for backwashing. New study 
revealed field 8 mi. from city providing 4.0 
mgd. Water has hardness of 225 ppm., iron 
3.0 ppm., 8.0 ppm., and pH 7.6. Sof- 
tening plant, located at well field to reduce 
corrosion of transmission main, consists of: 
indoor aerator with blower, Accelator (1.5 
gpm. per sq.ft.), carbonizer, coagulation basin 
(1.0 hr.), second carbonizer, 2 filters (1.0 
mgd. each), pumping and_ chlorination 
facilities. Pneumatic and mechanical chem- 
ical handling provided. Total cost $620,000. 
F. J. Maier. 


Development of Ground Water Supplies in 
the Amazon Valley. JoHN L. HUMMEL. 
Jour. Inter-Amer. Assn. San. Eng., Wash- 
ington, D.C. 1:49 (July °47). Article de- 
scribes problem involved in obtaining ground 
water from strata consisting of water-bearing 
sand. This problem overcome by construc- 
tion of special well employing porous intake 
panels to exclude sand and prevent surface 
collapse around well. Method of construc- 
tion, yield and depth of well discussed. De- 
tailed construction drawing given.—P.H. 


E.A. 


Saving Australia’s Artesian Waters. ANON. 
Wer. & Wtr. Eng. (Br.) 50:127 (Mar. '47). 
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- Disturbed by evidence that waters of Great 
Artesian Basin may disappear, common- 
wealth is working on scientific conservation, 
and planning an end to waste. Area of in- 
take beds for basin is estd. at 60,010 sq.mi., 
and area of basin at 600,000 sq.mi. From 
1874, when basin was found, to '40 number of 
~ bores was 8244; daily flow was 352 mil.gal. 


(Imp.); min. depth 10’ and max. 6000’; 
temp. ranged from 10°F. [sic] to 212°. 
While some diminution of supply appears 


inevitable, rate of decline in flow of bores 
may be diminished by better methods of con- 
trolling it. Conservation calls for more rigid 
control over operation of bores in existence 
and complete control over right to put down 
Uncased bores will require casing. 


more. 

Volume may have to be varied according to 
season. Considerable capital expenditure 
may ultimately be necessary. - E. Bab- 


he 


Jour. AWWA 


Construction of a Ground Water Supply fo, 
Berne, Switzerland. Monatsbulletin (Swiss) 
27:12:269. (Dec. '47). This project 
under constr. and some of difficulties ep. 
countered described. Four shafts of 13’ o¢, 
and 10’ id. were sunk pneumatically to depths 
of from 52’ to 56’. From these, horizontal 
wells were drilled radially by pushing casing 
with perforated headpiece horizontally. 
Screen then put inside casing and casing 
without headpiece pulled back, but leaving 
6’ to 12’ of casing outside shaft for sanitary 
protection. (These wells therefore similar to 
Ranney wells, although in Ranney wells 
screen directly pushed to make _ horizontal 
well.) 13-mi. pipeline to city built of about 
36’’-diam. spun reinforced-concrete pipes 8’ 
long, with bell-and-spigot joints. These 
pipes stored under water directly after mfg, 
until needed for use. Each pipe set on 1 or 2 
concrete saddles.— Max Suter. 
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